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SUMMARY 
The indiscriminate use of pesticides, ciiemical fertilizers, 
fly ash and industrial waste contaminated with toxic heavy 
metals to agricultural soils are posing threat to human and 
animal health. While utilizing these organic and inorganic 
compounds for crop production, several criteria need to be 
considered keeping in view their potential to create soil 
condition beneficial for crop growth and its effects on the soli 
microbial activities. 
However, sewage sludge and sewage water particularly 
from highly industrialized areas contains heavy metals such as 
Zn, Ni, Cd, Pb, Cr and Co etc. in maximum amount that may 
pose toxicity problem. These toxic heavy metals reach to soil 
through pesticides, chemical fertilizers, fly ash and other 
organic and inorganic chemicals. It has been observed that 
these heavy metals becomes more toxic with their enhanced bio 
availability, mobility and chemical activity through roots in the 
plant systems. The heavy metals such as Cu, Zn, Fe, Mn, Cr, 
Pb and Ni which occur naturally in all soils, water and living 
organisms can have severe toxic impact in living systems in 
excessive concentrations, but infact many are essential for 
healthy life. Pollution of soils by heavy metals may inhibit 
microbial enzyme activity and reduce the diversity of 
populations of microorganisms and soil fauna. The toxicity of 
heavy metals to earth worms depends on the chemical form of 
the pollutant. The earthworm species and soil factors of Cd, Cu, 
Ni, Zn and Pb, Cd appears the most toxic and Zn and Pb the 
least, with Cu and Ni intermediate in effect. 
Soil biological processes considered especially sensitive 
to heavy metals are mineralization of N and P, cellulose 
degradation, and possible N2 fixation, these could significantly 
affect some natural ecosystems. 
Attempts to understand the role of such heavy metals are 
complicated by the diversity of soil conditions such as nature 
and extent of clay minerals and soil organic matter, 
exchangeable cations, soluble salt contents, pH and its 
mechanical composition etc. 
The information regarding the role of heavy metals with fly 
ash in altering the soil chemical properties, nutrient status of 
soil and their availability to plants and their movement, 
persistence in soil under Indian climatic conditions therefore it 
is important that the role of all such pollutants be investigated 
so that their undesirable side effects can be detected and 
minimized. 
in view of fact, it was considered worthwhile to investigate 
on the "Interaction of Farm Chemicals, Fly ash and heavy 
metals with soils, crops and soil microbes". The investigations 
reported in the thesis have been divided in to four chapters. 
I. Influence of some chemical fertilizers on the mobility of 
trace metals through soil amended with fly ash 
II. Effect of fly ash on the growth, development and metal 
ions uptake by Broad bean {Vicia faba) and Chilli 
{Capsicum frutescens) plants 
III. Effect of fly ash on some properties and nutrient cations 
status of the soil 
IV. Effect of endosulfan on the growth, development and 
nutrients concentration of Barley {Hordeum vulgare) and 
Alfalfa (Medicago sativa) plants 
A concise account of the results achieved on the basis of 
the plan mentioned above is summarised in the fol lowing 
chapters: 
Chapter- I : Influence of some chemica l f e r t i l i ze rs on the 
mobility of trace metals through soil amended with fly ash. 
The inf luence of some chemical fert i l izers (30 ppm) such 
as ammonium nitrate, calcium nitrate, sodium nitrate, potassium 
nitrate, urea, ammonium sulphate, ammonium chlor ide, 
ammonium phosphate and dist i l led water as developer on the 
mobil i ty of some trace metals such as zinc, cobalt , copper, lead 
and si lver through soil amended with fly ash (FA) was measured 
by using soil thin layer chromatography. The soil amended with 
varying amounts of Fa (0 to 8 gm kg'^ soil) was used as static 
phase on soil TLC plates. The trend in the mobil i ty of trace 
metal ions was found to be greatly inf luenced on the nature of 
chemical fert i l izers and fo l low the respective mobil i ty orders: 
Ag>Zn>Cu>Pb>Co; Zn>Co>Cu>Ag>Pb; Zn>Co>Cu>Pb>Ag; 
Zn>Co>Ag>Pb>Cu and Co>Ag>Zn>Cu>Pb. In cases of fert i l izer 
associated with ni trate, sulphate, chlor ide, phosphate and urea 
or dist i l led water as a mobile phase. The mobil i ty of ions tend to 
decrease with the increasing doses of FA throughout the entire 
range of their study. 
Chapter-ll: Effect of fly ash on the growth, development and 
metal ions uptake by broad bean (Vicia faba) and chilli 
(Capsicum frutescens) plants. 
A green house experiment was conducted to evaluate the 
effect of flyash (FA) on the growth, development and metal ions 
uptake by Broad bean {Vicia faba) and Chilli {Capsicum 
frutescens) plants. The results indicated that the lower doses of 
FA up to 15 gm Kg'^soil had a beneficial effect in regards to 
growth, development and nutrient uptake by both the plants 
grown in FA amended soil. At higher doses beyond this dose 
posed a significant phytotoxic effect with the increasing 
concentration of FA. The phytotoxic behaviour at higher levels 
of FA was due to the hindrance posed by toxic heavy metals 
such as Cr, Pb, Cd and Ni in their higher uptake by both the 
plants resulting an inhibitory trend in the utilization of nutrient 
metal cations such as Ca, Mg, Na, K, Mn, Cu, Zn, Fe and Co 
through out the entire range of their study. 
Chapter-Ill: Effect of fly ash on some properties and 
nutrient cations status of the soil 
The effect of fly ash (FA) on certain soil parameters such 
as pH, Electrical Conductivity (EC) and nutrient metal cations 
availability was measured in sandy loam soil of Aiigarh district, 
U.P. (India). The applications of varying quantities 0-35gm FA 
Kg'^ soil amendments in pot experiments have indicated the 
decrease in soil pH, increase in a nutrient metal cations status 
such as Ca^\ Mg^ \ ?e^\ Mn^ \ Zn^' Cu^ \ & Co^* at lower 
doses up to 15 gm. FA Kg'^ soil and thereafter they tend to 
decline while in the case of EC is found continue to rise 
throughout the entire range of study. The results have been 
discussed on the basis of chemical and microbial changes 
occurring in soil amended with FA. 
Chapter-IV:Effect of endosulfan on the growth, development 
and nutrients concentration of barley (Hordeum vulgare) 
and alfalfa (Medicago sativa) plants. 
A green house experiment was conducted to evaluate the 
effect of endosulfan on the growth, development and nutrients 
concentration of barley {Hordeum vulgare) and alfalfa 
{Medicago sativa) plants. The results indicated that the lower 
doses of endosulfan up to 10 mg kg"^ soil had a beneficial effect 
with regards to growth, development and nutrients 
concentration by barley plant grown in endosulfan amended 
soil. At higher doses beyond this dose posed a significant 
phytotoxic effect with the increasing concentration of 
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endosulfan may be due to the toxic behaviour on azotobactor 
spp., phosphate dissolv ing microbes and other beneficial soil 
microorganism. The nutr ients uptake by barley {Hordeum 
vulgare) was found to be in the sequence of K>Ca>Mg>P in 
case of macronutr ients whi le for micronutr ients was 
Mn>Zn>Cu>Co throughout the entire range of their study. 
In the case of Al fal fa (Medicago sativa) plant grown in 
endosulfan amended soil had a phytotoxic effect even at lower 
concentrat ion with regards to seed germinat ion, growth and 
nutrient uptake such as Ca, Mg, P, K, Mn, Cu, Zn and Co were 
found to decrease throughout the entire range of the study. The 
effect becomes more severe with increasing levels of 
endosulfan might be due to the toxic effect on Rhizobium spp., 
Phosphate solubi l iz ing microogranisms and other soil 
microogranisms. It may be due to the inhibit ion in number of 
nodules, lateral roots in nodulat ing legumes and microrrhizal 
symbiosis responsible in al ter ing the growth and activi ty of 
nitr i fying bacter ia. The nutr ients uptake by alfalfa (Medicago 
sativa) was found to be in the sequence of K>Ca>Mg>P in case 
of macronutr ients whi le for micronutr ients was Zn>Mn>Cu>Co 
throughout the entire range of their study. 
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GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
To an agriculturist soil is a natural medium for plant growth. 
According to Jenny (1941), soil is a naturally occurring body that 
has been evolved owing to the combined influence of climate and 
organisms acting on parent material, as condit ioned by relief over a 
period of t ime. 
According to the Glossary of soil science terms (soil science 
society of America, 1970), soil is 
(i) The unconsolidated mineral material on the immediate surface 
of the earth that serves as a natural medium for the growth of 
land plants. 
(ii) The unconsolidated mineral matter on the surface of the earth 
that has been subjected to and influenced by genetic and 
environmental factors of parent material, climate (including 
moisture and temperature effects), macro and micro organisms 
and topography, all acting over a period of time and producing 
a product, that is soil , that differs from the material from which 
it is derived in many physical, chemical, biological and 
morphological properties and characterist ics". 
COMPOSITION OF SOIL 
From the physical standpoint soil is composed of solid phase, 
liquid phase and gaseous phase in varying proportions. In an ideal 
surface soi l , these components are observed in amounts (by 
volume) as follows (Table 1). 
Primary Minerals 
(quartz, micas, feldspars) 
Liquid (-25%) 
Organic Humus 
(1-5%) 
Secondary Minerals, (clay 
minerals, hydrous oxides) 
Gaseous (25%) 
Table 1 : Approximate composit ion of Surface Soil 
The proportion of these components may vary from time to 
time and place to place. The composition of inorganic (mineral) 
material is relatively unchanged, while the organic material may vary 
with different time intervals. The volume of water and air in soils 
fluctuate on the basis of particle size, porosity, humidity, 
temperature of the soi l , environment etc. 
SOLID PHASE: Solid phase is composed of two components: 
1. Inorganic Phase 
2. Organic Phase 
1. INORGANIC PHASE: 
The inorganic portion of soils is quite variable in size and 
composition. It is composed of small rock fragments and minerals of 
various kinds. The rock fragments are composed of aggregates of 
minerals and are remnants of massive rocks from which the regolith 
and, in turn the soil have been formed by weathering. Among all the 
fragments, clays are considered to be the most active and reactive 
portion of the soil due to its larger surface area and ion exchange 
property. 
Several extensive studies of X-ray diffraction patterns have 
revealed that clays are crystall ine in nature and composed of few 
simple building units (Boher and Hughes, 1971; Schramm and Kwak, 
1984; Cunnigham and Goldberg, 1983). The important clay minerals 
which are commonly found in soils are as follows: 
MONTMORILLONITE: 
The structure of Montmoril lonite (Hofmann et al. 1983; Das & 
Das 1966) consists of single octahedral sheet of alumina enclosed 
between two silica sheets (Fig. 1 and 2). The alumina and silica 
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Fig. 2: Layer structure of montmorii lonite clay 
sheets are held together by common oxygen atoms, and the crystal 
units are loosely joined together by oxygen-oxygen bonds which 
resulted in the crystal lattice to expand readily. Due to the 
expansion, water and other polar molecules can easily penetrate 
between the unit layer causing the lattice to expand in the C-
direction. The C-axis dimension is therefore, not fixed but varies 
from 9.3A° to 14A° or even more. Montmoril lonite has a high specific 
surface and cation exchange capacity (Bailey and white 1964) that 
varies from 80-150cmol (p'')kg'^ clay. Similarly, plasticity, cohesion, 
shrinkage and swelling properties are high. 
KAOLINITE: 
A unit Kaolinite (Grunar, 1932; Pauling, 1930; Ross and Kerr, 
1931) crystal lattice consists of one sheet of silica and one sheet of 
alumina and is, hence, called 1:1 layer si l icate. The two sheets are 
held together by mutually shared oxygen atoms (Fig.3 and 4). These 
units, in turn are tenaciously held together through oxygen-hydroxyl 
linkages and consequently no expansion occurs when the mineral is 
wetted. The size of the unit cell is 7.2A°. It has a low specific 
surface, and poses low cation exchange capacity that varies from 
3-15cmol(p'')kg"^clay. Similarly plasticity, cohesion shrinkage and 
the swelling properties of Kaolinite are low. 
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ILLITE: 
The illite minerals posses the same 2:1 lattice structure (Fig. 3 
and 4) (Pundeer et a l . , 1978; Kapoor et a!., 1981a,b; Bolt et al. , 
1963) as the montmori l lonite, but differ from them in having a part of 
the silicon in the silica sheet always replaced by aluminium. Another 
important difference is the presence of potassium ions between 
adjacent crystal units, which bind them together. Due to this, the 
crystal units are fixed in position and are unlike the montmorillonitic 
minerals unable to move. 
According to Grim (1953), its structural formula is: (OH)4(Si8-y 
Aiy) (Al4.Fe4-Mg4.Mg6)02o-Ky. The cation exchange capacity of illite 
varies from 20 to 40 cmol(p*)kg'^ clay. 
CHLORITE: 
Chrolites are basically iron-magnesium silicates with some 
aluminum present. The crystal units contain two silica tetrahedral 
sheets and two magnesium dominated tri-octahedral sheets (Singh 
et al., 1991; Sidhu and Gilkes, 1977; Kapoor et al. , 1982) giving rise 
to the term 2:1:1 or 2:2 type structure. Chlorite do not swell when 
wetted and have low cation exchange capacity that varies from 2-5 
cmol(p'')kg'' ' clay. 
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AMORPHOUS CLAYS 
Amorphous silicate clays are mixtures of silica and alumina 
that have not formed well-oriented crystals. They lack crystall inity. 
Amorphous clays are common in soils forming from volcanic ash. 
Amorphous clays are,not well characterized but do exist in many 
soils in varying amounts. Their properties are often quite unusual, 
such as having high positive charges (high anion exchange 
capacities) or even high cation exchange capacity that varies from 
50-150cmol(p*)kg"'' clay. 
2. ORGANIC PHASE (HUMUS): 
Humus is complex and rather resistant mixture of brown or 
dark brown amorphous and colloidal organic substances that result 
from microbial decomposition and synthesis and has chemical and 
physical properties of great signif icance to soils and plants. It is 
extremely variable in composition and is quite resistant to further 
microbial decomposition (All ison, 1973) Humus is amorphous, nearly 
insoluble in water but mostly soluble in dilute alkali (NaOH or KOH) 
solutions. Studies suggest (Haynes, 1986; Stevension, 1982; 
Frimmel and Christman, 1988) that there are two general groups of 
compounds that collectively make up humus: (A) Humic group and 
(B) Non-Humic group. 
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These will now be considered. 
(A) HUMIC GROUPS: 
The humic substances make up about 60-80% of the soil 
organic matter. Humic substances are characterized by aromatic 
ring type structures that include polyphenols and polyquinones. On 
the basis of resistance to degradation and of solubility in acids and 
alkalies, humic substances have been classified in to three chemical 
groupings: 
(a) Fulvic acid: Lowest in molecular weight and lightest in 
colour, soluble in both acid and alkali , and most 
susceptible to microbial attack. 
(b) Humic acid: Medium in molecular weight and colour, 
soluble in alkali but insoluble in acid and intermediate in 
resistance to degradation. 
(c) Humin: Highest in molecular weight, darkest in colour, 
insoluble in both acid and alkali and most resistance to 
microbial attack. 
Accumulation pattern of humic and fulvic acid fractions have 
been studied by various workers (Goh et al., 1976; Syers et al. , 
1970; Kilham and Alexander, 1984; Schnitzer and Khan, 1972) to 
show that the humic acid concentrated principally in the surface or 
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immediately below the surface horizon while fulvic acid fraction 
extends to much lower depth and is hardly precipitated from an 
alkaline extract by acid because of its more functional groups 
(Stevension and Goh, 1971). 
(B) NON-HUMIC GROUP: 
The non-humic group comprises about 20-30% of the organic 
matter in soils. Non-humic substances are less complex and less 
resistant to microbial attack than those of the humic group. They are 
comprised of specific organic compounds with definite physical and 
chemical properties. The non-humic substances are polysaccha-
rides, polymers that have sugar like structures having a general 
formula of Cn(H20)m where n and m are variables. 
LIQUID PHASE (SOIL WATER) 
Water is required for all living bodies. In soils, water is 
supplied to plants through the roots. It "lubricates" the soil allowing 
root penetration. It is necessary for microbial mobility and action. It 
allows nutrient mobility, hence water has perhaps the greatest 
influence on the growth and yield of a crop. It is needed in much 
larger quantities as compared to the other ingredients required for 
plants growth. The soil water content varies with the soil texture and 
ranges from 5.1 to 11.9% (Donahue et al. , 1977). 
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A relationship between the nature and amount of clays in soil 
and water retention capacity was observed by Aii and Bishwas 
(1968). He concluded that the water retention and release were 
highest in bentonite followed by ill ite and Kaolinite respectively. The 
amount of available water in soil was also found t o b e related with 
silt (Abrol and Bhumbia, 1968) and organic matter content (Ali, 
1965). However, the movement of water in soil is influenced by the 
location, its extent and physical characterist ics of different horizons 
(Clotheir et al . , 1979). The references associated with the work on 
this subject are Luxmoore et a l . , 1977; MCNeal, 1968; Lagerwerff 
1969 and Sojka et al . , 1977. 
GASEOUS PHASE (SOIL AIR) 
The soil air contains a number of gases of which nitrogen, 
oxygen, carbon dioxide and water vapour are the most important 
constituents. It contains a much greater proportion of carbon dioxide 
and lesser amount of oxygen than in atmospheciC air as it is 
subjected to the influence of a number of factors such as nature of 
soil (Jong, 1981), soil condit ion, type of crop, microbial activity, 
climatic condition (Russel and Appleyard, 1915). 
The composition of relative proportions of various gases in soil 
is not fixed but vary from time to time. The quantity of oxygen is 
usually higher in dry season than during the monsoon, where as the 
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soli air contains 16 to 18 percent oxygen in the hot season, while 
oxygen content falls to 8 or 12 percent during the rains (Leather, 
1915). 
The CO2 gas is the most variable constituent of soil air as its 
amount varies with in wide limits. It is produced as a result of the 
decomposition of organic matter, it increases with increasing 
quantity of humus in soil. Hence soil rich in organic matter contain a 
greater proportion of CO2. As the production of CO2 is associated 
with microbial activity, its concentration in soil varies with variation 
in temperature, moisture content, oxygen supply and other factors 
that control the activity of microorganisms. 
PHYSICO-CHEMICAL PROPERTIES OF SOIL 
MECHANICAL COMPOSITION: 
The first information required about a soil is its mechanical 
composition. The mechanical composition or texture means the 
particles of various sizes such as gravel, sand, silt and clays in 
soils. The particles size distribution of a soil influences its chemical, 
physical and biological properties, while clay particles, which have a 
large surface area determines most of its chemical and physico-
chemical properties. Particle size distribution in soils influences, the 
water holding capacity and hence the water supply to plants. It also 
influences the strength and compressibility of soils. The success of 
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any mechanical analysis depends firstly upon the preparation of the 
sample to ensure complete dispersion of all aggregates into their 
individual primary particles without breaking up the particles 
themselves, and secondary upon the accurate fractionation of the 
sample into various separates. 
SOIL pH: 
Soil pH is an important property as it controls the availability 
of nutrients to plants, the bacterial activity and physical condition of 
the soil. The pH is defined as - l og [H* ] . The soil pH provides various 
clues about other soil properties. The soil low in pH (4 to 5) usually 
has high and toxic concentration of soluble aluminium and 
manganese. Acidity of soils arises from several different sources 
like the presence of humic substances, nature of the alumino-
silicates in clays and their hydrolysis, presence of hydrous metal 
oxides and other soluble salts. On the other hand, alkaline soil with 
a high percentage of exchangeable sodium has a high pH value 
above 8.5 and it may be due to the presence of sodium bicarbonate 
and sodium carbonate in soils as soluble salts. 
ELECTRICAL CONDUCTIVITY (EC): 
It gives an idea about the total soluble salts content in soils. 
Soils salinity scale based on electrical conductance of the extract, 
For saline soil, the salt content is more than 0.3% or EC>4 d S m ' \ 
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Electrical conductance of a solution increase approximately 2% per 
degree centigrade. Electrical conductivity of the irrigation water may 
range from 0.1 to 0.75 dSm'^ or below. High salinity hazard is 
incurred in case of irrigation water having conductance much above 
this range. The salinity is due to the presence of NaCI and Na2S04 a^ 
soluble salts in soil. 
EXCHANGEABLE CATIONS: 
The clay lattice carries a net negative charge which is 
compensated by cations which are located on the unit layer 
surfaces. In presence of water, these compensating cations have a 
tendency to diffuse away from the layer surface since their 
concentration is smaller in bulk solution. These compensating 
cations act as the counter ions of the double layers and are 
exchangeable for other cations. The major exchangeable cations on 
exchange sites in soils are Ca^*, Mg^*, H*, Na*, K* and A\^* etc. The 
organic cations can also replace the inorganic cations causing 
exchange adsorption. The proportions of exchangeable cations on 
the colloid surfaces are constantly changing as ions are added from 
dissolving minerals. 
CATION EXCHANGE CAPACITY (CEC): 
The term base exchange capacity or cation exchange capacity 
is defined as the power of the soil to combine with cations in such a 
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manner that they can not easily be removed by simple leaching with 
water, but can readily be exchanged by an equivalent amount of 
other cations. In other words, it represents a limit beyond which the 
salt would be available in soils as soluble salts or in the hydrolysed 
state. The cation exchange capacity gives a measure about the 
colloidal content of the soil and their capacity to store and yield the 
cation needed by plants. It is the most important criteria in 
identifying the clay minerals. 
SOILS OF INDIA 
Knowledge of the kinds and distribution of soils is essential for 
a proper appraisal of their productivity and assessment of input 
requirements and in turn relative response to them. Standard soil 
surveys and their classif ication (Murthy et al. , 1982) assume an 
important role and the Benchmark soil concept helps to: 
i) Provide a base for research on soil and water 
management and crop responses there on to input. 
ii) Design experiments to ascertain crop responses to 
variables, which distinguish soil series/family. 
iii) Provide type locations for soil classification and further 
studies. 
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National Bureau of Soil Survey and Land Use Planning 
(Nagpur) has made a tremendous effort in this direction and 
classified the Benchmark soil of India in to seven regions as follows: 
1. SOILS OF KASHMIR VALLEY: 
The soils of Kashmir valley have developed under temperate 
climatic environment. This region has a distinct period during April 
to November when potential evaporation exceeds precipitation. 
2. SOILS OF THE HIMALAYAN REGION AND NORTH EASTERN 
MOUNTAINS: 
The soils of this region are formed on steep hills, valleys and 
terraces over different geological formations, and cover large areas 
in sub-humid warm temperate and humid tropical environments. 
They are susceptible to erosion. 
3. SOILS OF THE INDO-GANGATIC PLAINS, THE 
BRAHAMPUTRA VALLEY AND THE TARAI: 
The soil of this region extends to about 7,00,000 sq. km. The 
alluvium is very thick, and is variable according to geomorphic 
positions and source of the river transporting the sediments. The 
climatic environment ranges from semiarid to humid sub-tropical. 
4. SOILS OF THE DESERT REGION: 
The desert in India is mainly represented by gently sloping 
undulating plain and sand dunes. The major part is covered by 
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Pleistocene and recent formations. The desert is Influenced by 
strong southwest resulting in aeolian modification of the soils. The 
short duration bio-mass build up in desert even though the rainfall is 
very low. In soil profi les, calcium carbonate distribution is common 
to varying degrees. 
5. SOILS OF THE BLACK SOIL REGION: 
The soil of this region is clayey in nature with montmoril lonite 
being a dominant clay which varied from 40 to 60 percent or more. 
The soils swell, shrink and crack and are also easily dispersed. 
They have high moisture retention capacity and potential ferti l i ty. 
6. SOILS OF RED AND LATERITE SOIL REGION: 
The red and laterite soils extend in peninsular India and some 
parts of Orissa, Bihar and West Bengal. These soils have well 
marked horizons of clay enrichment with a significant proportions of 
amorphous materials. Variations in texture, depth colour and clay 
mineralogy results from relief and drainage differences. 
7. SOILS OF THE COASTAL AND DELTAIC REGIONS: 
The eastern and western coastal plains are situated between 
eastern and western Ghat and Bay of Bengal and Arabian Sea 
respectively which major delta plains are those of the rivers Ganga, 
Brahmaputra, Mahanadi, Godavari, Krishna and Cauvery. These 
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soils are developed in semi-arid to humid environments. They range 
from extremely acid to alkaline in reaction, and from soils with low 
organic carbon content of those having organic horizons. They are 
formed under moderately well drained to poorly drained conditions 
as influenced by relief and inundation. 
SOILS OF ALIGARH DISTRICT 
Aligarh covers an important area among the districts of Uttar 
Pradesh (India). The district lies toward north of the Ganga-Yamuna 
doab with in the parallels 27° 29' and 28° 11 ' north latitude and 77° 
29' and 78° 38' east latitude. The district is of fairly big size with an 
area of 1950 sq. miles. Its alluvial deposits have a gentle slope from 
northwest to southeast. There are several natural depressions apart 
from those formed by the rivers, valleys and drainage lines. 
Topographically the district present a through like appearance with 
high Ganga and Yamuna banks at the extreme rims. 
The climate of the district is semiarid subtropical with mean 
annual air temperature of 26.7°C and mean annual rainfall of 775 
mm. A fluffy layer of salts, about 2.5cm thick, is observed on the 
surface during dry months. Water table fluctuates between 0.2 and 
2.0 m depth. The soils of the districts are alluvial with little leaching 
and considerable accumulation of salts on the surface. The alluvial 
beds varying from olive brown to ash gray in colour, very strongly 
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alkaline to weak alkaline in nature, pass through the successive 
layers of sand, sandy silt and clay with occasional compact beds of 
kankar of an indurate character. According to the order of the 
genesis of the principal soil types, the district of Aligarh has been 
grouped into six natural soil regions as shown in (Fig. 5). 
Soils of Aligarh district have also been classified as "Hirapur 
Series" by National Bureau of soil Survey and Land Use Planning 
(Murthy et al . , 1982). This series is distributed extensively in Aligarh 
an adjoining district of U.P. These soils are imperfectly drained and 
show moderately slow permeability. 
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PLANT NUTRIENTS 
Sixteen elements are considered essential to plant growth. 
Carbon (C), Hydrogen (H) and Oxygen (O) are the most abundant 
elements in plants. The photosynthetic process in green leaves 
converts CO2 and H2O into simple Carbohydrates from which amino 
acid, sugars, proteins, nucleic acid, other organic compounds are 
synthesized. C, H and O are not considered mineral nutrients. 
The remaining 13 essential elements are classified as 
macronutrients and micronutrients. 
The macronutrients are nitrogen (N), phosphorous (P), 
potassium (K), sulphur (S), calcium (Ca), and magnesium (Mg) that 
are required in greater amounts. The concentrations of the other 
seven micronutrients iron (Fe), zinc (Zn), manganese (Mn), copper 
(Cu), boron (B), chlorine (CI), and molybdenum (Mo) are needed in 
very small amounts. Five additional elements sodium (Na), cobalt 
(Co), vanadium (Va), nickel (Ni), and silicon (Si), have been 
established as essential micronutrients in some plants. 
Micronutrients are often referred to as minor elements. But this does 
not mean that they are less important than macronutrients. 
Micronutrient deficiency or toxicity can reduce plant yield similar to 
macronutrient deficiency or toxicity. 
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The plant nutrients are based in tl ie solid phase and their 
usual pathway to the plant systems is through the surrounding liquid 
phase, the soil solution and them in to the plant root and plant cells. 
This pathway may be written in the form of an equation as: 
M(so l id ) ;^z=:^M(so lu t ion) ^ M(plant root) ^ ^ (plant top) 
Where M is the plant nutrient element in continual movement 
through the soil plant system. The role of some important macro and 
micronutrients on plant growth are discussed below. 
NITROGEN: 
Nitrogen (N) is a vitally important plant nutrient and is the 
most frequently deficient of all nutrients. Plants normally contain 
between 1 and 5% N by weight. It is absorbed by plants as nitrate 
(NO3") and ammonium ( N H A * ) ions. In moist, warm, well-aerated 
soils, the NO3" form is dominant (Merila et a l . , 2002). Poor plant 
yields are often due to the deficiency of nitrogen (Yuichi et al. , 1997; 
Khattak et al . , 1996; Singh et a l . , 1996). 
PHOSPHORUS: 
Phosphorous is the second key plant nutrient. It is absorbed 
by plants either H2PO4' or HP04^' orthophosphate ions. Absorption 
of HaPOA' is greatest at low pH values, whereas uptake of HP04^' is 
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greatest at higher value of soil pH. It is an essential part of 
nucleoproteins in all nuclei, which control cell division and growth. 
Young plants absorb phosphorus rapidly, if it is available. By 
the time some crops have produced about 25 percent of their dry, 
weight, they have accumulated as much 75 percent of their 
phosphorus requirement (Ulysses, 1979). A cold wet spring usually 
results in a retardation of plant growth often because of inadequate 
phosphorus absorption (Suttan, 1969) both inorganic and organic 
forms of phosphorus occur in soils (Olsen and Khasawnch, 1980; 
Stevension, 1986) and both are important to plants as a source of 
this element. 
POTASSIUM: 
Potassium is the third most commonly added ferti l izer nutrient. 
The potassium ion (K"") is actively taken up from soil solution by 
plant roots. The concentration of K"" in vegetative tissue usually 
ranges from 1 to 4 percent on a dry matter basis. It plays an 
essential part in the formation of starch and in the production and 
sugars (Evans and Sorger, 1966) deficiency of potassium produces 
the reddish brown disclamation of cotton leaves (Beir et a!., 1986). 
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CALCIUM: 
Calcium (Ca) is absorbed by plants as Ca'^^. and its 
concentration ranges from 0.2 to 1 percent calcium combines with 
pectin in the plant to form calcium pectate, which is an essential 
constituent of the cell wall (Takagi and Reiko, 1992; Rudolf and 
Dragano, 1992). In corn Ca^"" deficiency prevents the emergence 
and unfolding of new leaves, the tips of which are almost colourless. 
MAGNESIUM: 
Magnesium (Mg) is absorbed as Mg^"^, and its concentration in 
crops various between 0.1 and 0.4 percent. The importance of Mg^* 
is obvious since, it is a primary constituent of chlorophyll molecule. 
The visual symptom of an inadequate supply is the yellowing of the 
older leaves. Mg is required for maximal activity of almost every 
phosphorylating enzyme in carbohydrate metabolism (Mengel and 
Kirkby, 1978; Smithson et al. , 1993; Nason and McElory, 1963). 
SULPHUR: 
Sulphur (8) is absorbed by plant roots almost exclusively as 
the sulphate ion, S04^". Small quantities of SO2 can be absorbed 
through plant leaves and utilized with in plants, but high 
concentrations are toxic. It is required for synthesis of the 
S-containing amino acids, cystine, cysteine and Methionine, which 
are essential constituents of protein under conditions of 
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sulphur deficiency, the new leaves turn yellow; roots and stenn 
become abnormally long and develop woodiness. Onion and garlic 
grow best on sulphur rich soil (Bertoni et al . , 1996). 
BORON: 
Most of the Boron (B) is absorbed by plants as undissociated 
boric acid (H3BO3). Much smaller amounts of other forms, such as 
8407^", H2BO3', HBs^' and BOs^' may be present, but they generally 
do not contribute significantly to plant needs. It regulates new all 
development in meristemetic t issue, proper poll ination, translocation 
of sugars, starcher N and P nodule formation in legumes and 
carbohydrate, metabolism in the plant (Tripathi et al. , 1999; 
Srivastava and Luthra, 1993). In B deficient plants the youngest 
leaves become pale green, losing more colour at the base than at 
the tip. 
IRON: 
It is absorbed by plant roots as Fe^"" as Fe^"", and as 
organically complexed or chelated Fe, although the Fe^"" form is 
more mobile and available for in corporation is to biomoleculer 
structures Fe deficiency is most frequently seen crops growing 
calcareous or alkaline soils. References associated with iron as a 
source of plant nutrient are Mehra, 1994; Moustaoui and Verloo, 
1995; Guikema et al. , 1996. 
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ZINC: 
Plant roots absorb Zinc (Zn) as Zn^"" and as a component of 
synthetic and natural organic complexes. The principal function of 
zinc in plants is as a metal activator of enzymes (Krishnappa et al. , 
1992). Zinc is not required in oxidation-reduction reactions in the 
soil plant systems. 
The symptoms of zinc deficiency appear generally in younger 
leaves, starting with interveinal chlorosis leading to a reduction in 
short growth and the shortening of internodes. 
COPPER: 
Copper (Cu) is absorbed by plants as the cupric ion (Cu^""), 
and may be absorbed as a component of either natural or synthetic 
organic complexes. Cu in its reduced form readily binds and reduces 
O2 (Arnon, 1949). In the oxidized form the metal is readily reduced 
and protein complexed Cu has a high redox potential. 
Symptoms of Cu deficiency vary with the crop. In corn the 
youngest leaves become yellow and stunted. 
MOLYBDENUM: 
Molybdenum is a non-metal anion absorbed as molybdate 
{i\/lo04^"). It is an essential component of the enzyme NO3' 
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reductase, which catalyzes the conversion of NO3" to NO2. !t is also 
a structural component of nitrogenase, the enzyme. When Fe is 
deficient, chlorophyll production is reduced, which results in the 
characteristic chlorosis symptoms of Fe stress. Molybdenum 
improved nodulation and nitrogenase activity in groundnut {Tripathi 
et al., 1999). 
MANGANESE: 
Manganese is absorbed by plants as Mn^" as well as in 
molecular combinations with certain natural and synthetic 
complexing agents. It plays an essential role in respiration and 
nitrogen metabolism in plants (Stiles, 1961; Li et al . , 2001). It is 
involved in many enzyme systems and in electron transport 
(Epstein, 1972). 
Manganese deficiency leads to a chlorosis in the interveinal 
tissue of net-veined leaves and plants with leaves that have parallel 
veins develop a general chlorotic condition and secondary 
symptoms. Mn toxicity is likely with plants that are ferti l ized with 
acid forming fertil izers and high rate of super phosphate (E!-jaoual 
and Cox, 1998). 
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CHLORINE: 
It was in 1954 that chlorine was proved to be an essentia! 
micronutrient. Chlorine (CI) is absorbed by plants as the CI' ion 
through both roots and aerial parts. Chlorine has not been found in 
any true metabolite in higher plants. Chlorine does appear to have a 
definite role in the evolution of O2 in photosystem !! in 
photosynthesis. Chlorosis in younger leaves and an overall wilting of 
the plants are the two most common symptoms of CI' deficiency. 
COBALT: 
Cobalt (Co) has been established as essential for symbiotic N2 
fixation in some microorganisms (Wilson and Reisenauer, 1963) Co 
is thus needed in the nodules of both legumes as well as in N2 fixing 
algae. Improved growth, transpiration and photosynthesis with 
application of Co have been observed in agriculturai crops 
(Robinson et al . , 1999; Sacchi et al. , 1999; Li et al . , 2001). 
Other functions attributed to Co include leghemoglobin 
metabolism and ribonucleotide reductase in rhizobium. 
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PESTISIDES 
The term "Pesticide" includes any substance Intended for 
preventing, destroying, spelling or controlling any pest including 
unwanted species of plants and animals during production, storage, 
distribution and processing of food, agricultural commodities or 
animal feeds. 
Pesticides are commonly classified in to following various 
groups: 
(A) Insecticides 
(B) Fungicides 
(C) Herbicides (weedicides) 
(D) Rodenticides 
(E) Nematicides 
(F) Acricides 
(A) INSECTICIDES: 
Insecticides are those substances, which are used to kill or 
control various insects. The concept of using chemicals for 
controlling insect pests is not new, "however its importance and 
popularity increased only after the discovery of insecticidal 
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properties of DDT by "Paul Muller" in 1939. Originally these 
chemicals were classified on the basis of their mode of entry in the 
bodies of insects, viz. stomach poisons, contact poisons and 
fumigants on the basis of chemical nature, the classification of 
insecticides are as fol lows: 
Classification of Insecticides 
i 
Inorganic 
Arsenicals 
Fluosilicates 
i 
Plant Origin 
Nicotine sulphate, Pyrethrins, 
Rotenone, Ryania 
Chlorinated 
Hydrocarbons: 
Aldrin, BHC 
DDT, Endrin 
Dieldrin, 
Chlorodane 
Methoxychlor 
Endosulfan 
Organo — 
Phosphates: 
Parathion 
Malathion 
Phosphamidon 
Dimethoate 
Monocrotophos 
Sulphoton 
Phorate 
Dichlorevos 
Carbamates: 
Carbaryl 
Isolan 
Dimetilan 
Carbofuran 
Organic 
Synthetic 
• ^ t' 
Other groups: 
DNOC 
Lethane 
Thanite 
The inorganic insecticides were widely used before the 
synthetic organic insecticides were developed, and marketed* 
Insecticides of plant origin have also been relegated to the 
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background by the synthetics and at present relatively very little 
quantities of insecticides, like Pyrethrins and Nicotine sulphate, are 
used to control insect pests of agricultural importance. The problem 
of residues of insecticides on food and fodder crops has emphasized 
the necessity of using insecticides which are less toxic to mammals 
or breakdown into non-toxic components in a reasonably short t ime. 
Thus^the insecticides of plant origin can be usefully employed to 
control a number of insect pests, especially where the products are 
to be consumed within a short time after treatment. The use of 
synthetic organic insecticides has increased with leaps and bounds 
throughout the world. Starting with the manufacture of BHC in 1958, 
India today produces technical grades of over 39 pesticides 
(insecticides, fungicides, rodenticides, nematicides and herbicides 
etc.), including the following insecticides used for controll ing crop 
pests. 
BHC, DDT, Malathion, Parathion (Methyl), Toxaphene, 
Pyrethrum extract. Nicotine sulphate, Fenitrothion, Methyl-demeton, 
Phosphomidon and Dimethoate. 
(B) FUNGICIDES: 
Fungicides are those chemicals which are used to control 
various fungi and fungus borne diseases like mildew, blights, smuts, 
rusts, scab, spot, rot etc. 
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Copper, sulphur, organo-mercury and organo sulphur 
compounds and antibiotics are some of the important fungicides. 
Recently, some systemic organic compounds have also been 
developed. The choice of fungicidal compound depends on the 
nature of the disease and on the susceptibility of the crop. They are 
available as dusts or wettable powders and some times in liquid 
form. The main fungicides and their functions are given below: 
(i) COPPER FUNGICIDES: 
Bordeaux and Burgundy mixtures, and the dispersible forms of 
cuprous oxide, copper oxychloride and basic carbonate are among 
the important copper fungicides. There are a number of proprietary 
copper fungicides available in the market, e.g. Perenox, Perelan, 
Blitox, Cuprokyt, Cuprosan and Fytolan, which are as efficacious as, 
and in some cases better than Bordeaux mixture. The proprietary 
products also contain dispersing and wetting agents, which make 
them more effective. 
(ii) SULPHUR FUNGICIDES: 
The important sulphur fungicides in use are sulphur powder, 
wettable sulphur, lime sulphur and organo-sulphur. A number of 
organo-sulphur compounds e.g. thiram and dithiocarbamates, are 
extremely safe to use on most of the plants with tender and 
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sensitive foliage. Zineb and ziram are some of the proprietary 
products, based on organo-sulphur compounds. 
( i i i) OTHER FUNGICIDES: 
(a) Organo-Mercurials: These have proved to be effective 
in controlling seed-borne and some soil-borne diseases. 
They applied as dusts in extremely small doses to the 
seed before sowing. They have no harmful effect on 
germination. There are a number of organo-mercury 
preparations e.g. Agrosan GN, Ceresan, Semesan etc. In 
the recent years certain chemicals such as Captan. 
Thiram, Busan-72, Dithane M-45 and some systemic 
fungicides have been developed. They may be used for 
seed treatment instead of the Mercurials. 
(b) Systemic fungicides: Systemic fungicides can move 
mainly upwards only within the plant and kill the 
pathogen away from the point of application They can be 
applied as seed or soil treatment and as sprays. Some of 
the important systemic fungicides are: Oxathin 
derivatives (Plantvax and Vitavax), Benlate, Demosan 
and Bavistin. 
(c) Antibiotics: Antibiotics are mainly used against 
bacterial plant pathogens. Some of the promoting 
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antibiotics are: Streptomycin sulphate, Streptocycline, 
Terramycin, Agrimycin-100 (mixture of Streptomycin and 
Tetramycii ine), Agrimycin 500 (containing copper) etc. 
(C) HERBICIDES: 
Herbicide is any chemical that kills the plants or inhibits their 
growth. Selective herbicides remove certain weeds from certain 
crops. Non selective herbicides remove a wide range of vegetation. 
These two groups of herbicides are further classified as given 
below: 
SELECTIVE HERBICIDES: 
1- FOLIAGE APPLICATIONS: These applications are made to 
the leaves of growing plants, usually as sprays, but in a few 
cases as dust applications. 
i- Contact herbicides: Contact herbicides kill only the 
plant or the portion of the plant that actually came into 
contact with the chemical. The herbicides to be effective 
must cover the foliage. Oicryl, Potassium cyanate, 
Selective weed oil (carrot oil), Sodium arsenite, Solan, 
Propani! and Sulphuric acid are the contact herbicides. 
i i - Translocated herbicides: Translocated herbicides move 
within the plant, a property that makes them effective in 
destroying the roots of perennial weeds. A low volume 
application is possible in their case. Systemic herbicide 
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application is possible in their case. Systemic herbicide 
is also a term used to name a herbicide which is 
translocated. Examples of this group of herbicides are 
carbyne, 2,4-DB, MCPB, 2,4,5-T and MSMA. 
2- SOIL APPLICATIONS: Soil fumigants and soil sterilants fall 
into this group. They are used where it is desired to remove all 
plant growth or to keep areas free from plant growth. 
(i) Soil Fumigants: These materials are employed for 
killing all growing plants before sowing more desirable 
species, Carbondisuiphide, Chloropicrin, Vapam, Methyl-
bromide and Cynamide are some soil fumigants in use. 
(ii) Soil Sterilants: These chemicals make the soil sterile 
(incapacitate it to support vegetation) for varying length 
of time. The inorganic chemicals are Borates and 
Chlorates and the organic chemicals are Triabines 
(Simazine and Atrazine), Urea herbicides (Diuron, 
Monuron, Fenuron, Linuron, Neburon), uracils 
(Bromacils, Terbacil) are some soil sterilants. 
3- AQUATIC APPLICATIONS: A number of chemicals are used 
for controll ing some submerged aquatic weeds by dissolving or 
imulsifying them in water in canals, ditches, ponds and lakes. 
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Some chemicals in use are Aqualin, Chlorinated benzenes, 
Copper sulphate, Endathal, Fenac, Sodium arsinite and 2,4-D. 
(D) RODENTICIDES: 
Rodenticides are those chemicals which are used to control 
and kill the mice, rats, squirrels, ground hogs and field rodents etc. 
Calcium cynide. Zinc phosphide. Barium carbonate and Warfarin are 
the chemicals which are used as rodenticides. 
(E) NEMATICIDES: 
Nematicides are used for controlling underground parasitic 
nematodes that attack the roots or root hairs of plants. Nematicides 
have been found to be the most important tool to demonstrate the 
spectacular yield increase of various crops (Prasad, 1989; Mishra 
and Prasad 1990). There are two main groups of nematicides 
namely fumigant and non-fumigant. 
(i) Fumigant: Fumigant is the first group of chemicals, 
which was found effective for the treatment of soil to kill 
or inactivate eggs, larvae or adult nematodes before they 
invade host plants. Fumigant nematicides can be divided 
in to two subgroups: (i) The Halogenated hydrocarbons 
and (ii) Methyl-isothiocyanate (MIT) l ibrators. The eggs 
of some nematode species are a less sensitive than 
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juveniles or adult stages to fumigant nematocides 
(Castro and Thomson, 1971; Evans, 1973; Seinhorst, 
1973). Juveniles of Aphelenchus avenae could with 
stand exposure to EDB for longer periods than could 
adults (Evans and Thomson, 1971). DD is apparently 
very effectively against all species of nematodes. EDB is 
not generally recommended for cyst nematodes and 
DBCP is reportedly poor in controlling Trichodorus spp. 
(Van-Berkum and Hoestra, 1979) MIT liberators and 
chloropicrin are general biocides and have wide 
spectrum of activity. These are toxic to most forms of life 
and both eggs and juveniles are equally sensitive to 
them (Seinhorst, 1973). It is proposed that fumigants 
block respiration by oxidation of iron (Fe^"^) centres in 
the cytochrome chain (Castro and Thomson, 1971). 
(ii) Non- fumigan ts : Non-fumigants chemicals are 
comparatively newer nematocides and have several 
advantages over fumigants. They are generally less 
phytotoxic, relatively easier to apply and have less 
persistent residues (Van-Berkum and Hoestra, 1979) 
mainly belong to organo phosphorus and organo 
carbamate groups and are effective against insects and 
mites as well as Ram and Gupta (1982) showed that 
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combination of neem leaves witl i aidicarb gave the 
greatest reduction in gall number of M. Javanica 
infecting chickpea. Bhattacharya and Goswami (1988) in 
their investigations, on the effect of oil cakes used alone 
and in combination with aidicarb against M. incognita 
infecting tomato, observed best plant growth in the 
treatment where both neem and aidicarb was applied in 
1:1 ratio. 
(F) ACRICIDES: These are used for controlling mites which are 
harmful to fruit trees and crops. The commonly used chemicals 
for this purpose are Aryl alkyl sulphide, Dicofol etc. 
MICRO-ORGANISMS OF THE SOIL 
Raw organic matter in the soil is not directly used by the 
plants as food. It must be broken down first in to humus and than 
into simpler products before it can be so uti l ized. This work is done 
by using different kinds of micro-organisms which inhibit the soil by 
billions (Donahau, 1977). 
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KINDS OF SOIL ORGANISMS: 
The soil micro-organisms have been classified as follows: 
A- MICROFLORA: (i) Becteria (ii) Actinomycetes 
(iii) Fungi (iv) Algae 
B- MICROFAUNA: (i) Protozoa (ii) Nematodes 
Besides microfauna, the soil harbours a large number of 
worms and insects of different kinds and sizes. 
(A) MICROFLORA: 
(!) Bacteria: The soil microflora typically produce ammonia 
from organic compounds when they set free more of 
nitrogen from the organic matter on which they are living 
than what they can assimilate and convert into their own 
protoplasms. The bacterial activities in soil are largely 
responsible for the maintenance of soil fertil ity as well as 
soil properties (Russel, 1973). A number of biochemical 
transformations viz. ammonif ication, nitrif ication, 
denitr i f icaiton, symbiotic and non-symbiotic N2-fixation 
etc. soil respiration and litter breakdown, sulphur, 
phosphorus and other trace metals transformation have 
been reported to occur as a result of bacterial activities 
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in soil (Gaur and Sen, 1977; Subba Rao, 1977; Legocki 
and Verma, 1980; Leony et al. , 1982; Fuller et al . , 1983; 
Singh and Subba Rao, 1981; Pillai and Sen, 1979). 
Azotobacter and other non-symbiotic nitrogen-fixing 
bacteria work independently of any host crop. Under 
optimum laboratory conditions, Azotobacter has been 
found to fix a considerable amount of nitrogen (Shende, 
1987; Shende and Apte, 1982; Tilak, 1978; Tilak and 
Murti, 1983; Tilak and Subba Rao, 1987). 
(ii) Actinomycetes: They are similar in size to bacteria but 
resemble moulds in their growth and physiology. They 
can grow in the deeper layers of the soil and under dried 
condit ions, and need less nitrogen. 
(iii) Fungi: These organisms produce microscopic threads 
like called mycelia, which may be found in the 
disintegrating organic matter on the surface of the soil or 
on plant roots in the upper strata below the surface. 
Many of the fungi are harmless saprophytes, living on 
dead organic matter, others are parasites which attack 
on living plants and produce highly destructive epidemic 
diseases. 
(iv) Algae: They are microscopic or larger plants contain 
chlorophyll . They are found in large numbers in the top 
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layer of constantly moist soils, such as paddy fields. 
Some of them have been shown to be capable of fixing 
atmospheric nitrogen. 
B- MICROFAUNA: 
(i) Protozoa: Soil protozoa are unicellular animals, feeding 
either on soil organic matter or on bacteria, thus 
regulating the number of the latter in the soil. The larger 
forms are found in vary wet conditions or in swamps. 
(ii) Nematodes: These are microscopic, unsegmented, 
thread like worms and may be classified according to 
their feeding habits. Omnivorous, predaceous, parasitic 
nematodes are very common in soils. 
WORMS AND INSECTS: 
Most of the soils are inhabited by worms, insects, and other 
animals of different sizes. They feed on plant remains, which are 
ingested along with large quantit ies of earth. Insects and some other 
larger animals promote aeration and water percolation. They make 
channels and burrows in the soil primarily for their protection or 
inquest of food. 
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SOIL POLLUTION 
Environmental pollution has increased alarmingly along side 
the human population, urbanization, industrialization and changing 
agricultural practices, largely due to the arbitrary exploitation of 
natural resources and ignorance of the deleterious side effects. The 
more apparent forms of environmental degradation are the water, 
air, noise and solid waste pollution. The fact that soil is a dynamic 
living system with a vast variety of interacting secluded fauna and 
flora, which are adversely affected by soil pollutants, is often 
ignored. A variety of organic and inorganic agrochemicai including 
broad spectrum or relatively selective biotoxicants, ferti l izers etc. 
are applied to soil in the modern agriculture production systems. 
Six general kinds of pollutants commonly reach the soil. First 
are the thousands of pesticides formulations, most of which are 
used for agriculture. Second is a group of inorganic pollutants, such 
as mercury, cadmium and lead. Third are the organic wastes, such 
as those from concentrated feedlots and food processing plants as 
well as municipal and industrial wastes, some of which may be 
added to soils. Salts, radio nucleides and acid rain are the 
remaining contaminants: 
1- PESITICIDES: With the chemicalization of agriculture there 
has been an ever increasing awareness of the importance in 
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soil colloids in the adsorption movement, persistence, 
degradation and over all behaviour including the bioactivity of 
pesticides (Khan and Khan 1986; Khan et al . , 1988; Kruegar 
and Seiber, 1984; Garner et ai . , 1986; Mitra and Raghu, 1998; 
Durega et al . , 1988; Wang et al . , 1999; Levanon, 1997). The 
problem of plant toxicity of pesticides residues, their presence 
in food products and their modification including detroxification 
as a res.ult of interaction with clays of major importance to 
agriculturists (Kiraly, 1996; Roberts, 1996; Singh and Chattorj, 
1990; Ueji and Nogyo, 1998). The presence of certain 
functional groups, such as -OH, -NH2, -NHR, -CONH2, -COOR 
and -"^NRs, in the chemical structure encourages adsorption 
especially on soil humus (Weber and Miller, 1989). Maximum 
adsorption occurring at low pH levels where protonation 
occurs (McConell and Hossner, 1985). Pesticides have only 
mildly depressing effects on earthworm numbers and Mites 
(Thompson and Edwards, 1974; Edwards 1978). 
2- TOXIC INORGANIC COMPOUNDS: Soils also are 
contaminated by a number of inorganic compounds that, to a 
greater or less degree, are toxic to plants and animals 
(Hodgson et al . 1985; Gupta and Gupta 1998). They are many 
sources for the inorganic chemical contaminants that can be 
accumulate in soils (Mortvedt 1996; Moore and Ramamoorthy 
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1984) lead, nickel and boron are gasoline additives that are 
released in to the atmosphere and carried to the soil through 
rain and snow. Superphosphate and lime stone usually contain 
small quantit ies of Cadmium, Copper, Manganese, Nickel and 
Zinc. Some of these elements are found as constituents in 
specific organic pesticides and in domestic and industrial 
sewage sludge (Lake et al. , 1984; Furr et al . , 1986; Beyer et 
al . , 1982; Kelling et al . , 1977). Pollution of soils by heavy 
metals may inhibit microbial enzyme activity and reduce the 
diversity of populations of microorganisms and soil fauna 
(Tyler, 1981; Kuster and Grun, 1984). The toxicity of metals to 
earth worms depends on the chemical form of the pollutant, 
the earthworm species. In soil solution of Cd, Cu, Ni, Zn and 
Pb, Cd appears the most toxic and Zn and Pb the least, with 
Cu and Ni show intermediate in effects (Lee, 1985; Kemper 
and Sommer, 2002; Mongia et a l . , 2001; Wong et a l . , 2002). 
3- ORGANIC WASTE: Soils have long been used as disposal 
"Sinks" for municipal refuses. "Sanitary land f i l ls" are widely 
employed to dispose of a variety of wastes from our town and 
cit ies. These wastes include paper products, garbage and non-
biodegradable materials such as glass and metals. Many 
organic wastes can improve soil physical and chemical 
properties and can provide nutrients for increased crop yields. 
47 
The positive effects will likely encourage continued land 
application of these wastes. However, when excess quantities 
are applied yield may be depressed and soil and water 
pollution can occur (Murphy et a l . , 1972; Ankwe and Nwobodo, 
2002). 
SALTS: Contamination of soils with salts is one form of soil 
pollution. Salts accumulate in soils because more salts move 
into the plant rooting zone than move out. This may be due to 
application of salt-laden irrigation waters or it may be caused 
by irrigation poorly drained soil. Salts (sodium bicarbonate and 
sodium carbonate) move up from the lower horizons and 
concentrate in the surface soil layers (El-Ashry et al . , 1985). 
ACID RAIN: Acid precipitation, popularly called acid rain, is 
apparently due to the oxidation of nitrogen and sulphur 
containing gases that dissolve in the water vapour of the 
atmosphere to form nitric and sulphuric acids (NRC, 1983) 
reactions such as the following are thought to occur. 
HP 
2N0 + O2 •2NO2 • HNO3 + HNO2 
Nitric Nitrogen Nitric Nitrous 
oxide oxide acid acid 
2H,0 
2SO2 + O2 — • 2SO3 —^ 2H2SO4 
Sulphur Sulphur Sulphuric 
dioxide trioxide acid 
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The pH of the precipitation may becomes as low as 4.0. 
6- RADIOACTIVE WASTE: Aside from radio nuclides added to 
soils as a result of weapons testing, low level radioactive 
waste materials are some times handled by burying them in 
soils (Meriwether et al . , 1988; AI-Kahtani et a!., 2001; 
Shenber, 2001). Cesuim is a positive charge ion, which is 
adsorbed by soil colloids. Uranium is thought to occur as a 
UOa^"" ion that is also adsorbed by soil. 
FLY ASH 
The dependence on coal as a major energy source for 
electricity generation in many countries results in the production of 
large quantities of metal containing particulate (Fly ash). Although a 
major part of fly ash is separated from the exhaust gases, large 
amounts are still emitted. Around 60-70 million tones of fly ash are 
being produced every year from different thermal power plants in 
India. It contains predominantly of quartz with alumina, silica and 
unburnt carbon (Rathore et al . , 1985) along with several plant 
nutrients and toxic heavy metals. The average percentage of 
different chemical constituents in Indian fly ash are given in table-3 
of chapter 1. The Indian fly ashes contain relatively higher amounts 
of Si02, AI2O3 and unburned fuel and smaller amounts of Fe203. The 
fly ash also contains aromatic hydrocarbons with polar groups 
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capable of forming H bond with metal ions (Mille et al. , 1985; 
Matysic and Soczwinski, 1984). 
Use of fly ash in agriculture as a source of soil amendments 
and plant nutrients are very common (Sikka and Kansai, 1994; Sahu 
and Kar, 1998; Prashanthi and Rao, 1998; Khan and Bhardwaj, 
2002). The micro-nutrients such as iron, manganese, zinc, copper, 
boron molybdenum and cobalt are present in fly ash that is essential 
to plants. Fly ash is also associated with various toxic heavy metals 
such as chromium, lead, nickel, vanadium, barium and arsenic 
(Majumdar and Mukherjee, 1983; Fulekar et al . , 1993; Dalmau et ai. , 
1990; Page et al . , 1979). The presence of these toxic metals in 
greater amounts make it hazardous in agricultural process (Waage-
Peterson and Kofod, 1991), these toxic metals also hinder the 
nutrients uti l ization by plants and adversely affect the microbial 
population (Khan et al . , 1996). The respiration and enzymatic 
activities of microbial population were typically decreased with the 
increased amount of fly ash amendments in soil (Pitche!, 1990; 
Schutter and Fuhrmann, 2001). Thus, the fly ash has a great 
potential to be utilized as a source of major and micronutrients 
required for healthy plant growth. 
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SOIL THIN LAYER CHROMATOGRAPHY 
Chromatographic methods are considered as powerful tools in 
Analytical Chemistry and have been employed in the separation of 
organic and inorganic compounds and their mixtures elements of 
different valency, states and in the identification of individual 
components in the complex mixture systems, where other methods 
fail or cannot give satisfactory results. The methods are quite 
inexpensive, sensit ive, selective and rapid. Their utilization in 
analytical field has been realized in recent years (Pribyl and Herzel, 
1977; Ludwick et a l . , 1977). These methods of chemical separation 
could be performed with modest equipment, namely gas, paper, thin 
layer chromatograms may be formed by partit ion, adsorption, ion-
exchange or their combinations. Different types of chromatographic 
techniques are based on the same principle that the components of 
mixture could be separated from one another by passing it through a 
two phase system, one mobile which may be liquid or gas and which 
is in equilibrium with a stationary phase i.e. paper, silica gel, soil, 
clays, alumina or ion exchange resin etc. Silica gel is one of the 
most widely used materials, as static phase. Besides this, alumina, 
magnesium silicate and activated carbon are also used. The soil thin 
layer chromatography was first successfully utilized by Helling and 
Turner (1968) for detection of pesticides movement using different 
type of soils as static phase. The work was further extended and 
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published (Hell ing, 1971) in his three reports dealing with pesticide 
mobility in soils (i) parameters of thin layer chromatography 
(ii) Applications of soil thin layer chromatography and (iii) Influence 
of soil properties. 
Since the movement of substances or their separations can be 
affected by altering the conditions of the static phase (Soil of 
diverse nature) and developer and applied substances. This 
provides a very fascinating field of research and can be utilized for 
investigating problems in various applied and non-applied fields. 
Thin layers are prepared by spreading an uniform film (0.15-
2.0mm) of soil slurry over a glass plate with the help of an 
applicator and allowing it to stand over night for drying. The organic 
or inorganic compound, under investigation with soil, is spotted 
above 4 cm. from the bottom of the plate so that the mobile phase 
level in the closed Jar may always remains about 1 cm. below the 
spots. 
The thin layer chromatograms are then developed to a 
distance of 10 cm from the spotted compound. The plates are then 
dried and the compounds or ions are then detected by spraying a 
suitable chemical as colouring agent or detector 
The height of chromatogram is dependent upon the adsorption 
affinity of the corresponding component and the width is 
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proportional to the quantity of the loaded substance .The movement 
in terms of Rf-values can be calculated as 
Distance travelled by solute 
Rf = 
Distance travelled by solvent 
Soil thin layer chromatographic methods have been 
successfully util ized by Singhal and Singh (1977) and Khan et al. 
(2000) for the mobility of trace elements, Singhal et al. (1978b) and 
Khan et a l . , (1999) for the mobility of amino acids, Khan et al. , 
(1982) and Khan and Singh (1999) for the mobility of heavy metals, 
Khan et a l . , (1985) for the effect of organic acids and bases on the 
heavy metals mobility and Khan and Khan (1986) for the mobility of 
Organophosphorus insecticides in soils as affected by some soil 
parameters. 
The results as revealed by the above investigations clearly, 
helped in understanding the behaviour of the organic and inorganic 
substances in soil solution of varied nature. This has also helped in 
understanding the reaction mechanisms involved in their interaction 
and translocation through soil. 
BIOFERTlLtZERS 
Bioferti l izers (microbial inoculants) are biologically active 
products containing active strains of specific bacteria algae, fungi, 
alone or in combination, which may help in increasing crop 
productivity by way of helping in the biological nitrogen fixation, 
solubil ization of insoluble fertil izer materials, stimulating plant 
growth or in decomposition of plant residues. A number of 
bioferti l izers are now available in India. Depending upon the 
nutrients provided these can be broadly classified as fol lows: 
Biofertilizers (BF) 
Nitrogen f ix ing Pi iosphate mobil ising 
Biofert i l izers (NBF) Biofert i l izers(PMBF) 
NBF of lequr jg mes NBF for cereal Phosphate Phosphate 
Rhizobium Azospir i i lum Solubil izer Absorber 
Azotobactor Bacilus VA-Mycorrhiza 
Azol la, BGA Pseudonnonas (VAM) 
Aspergi l lus like Glomas 
RHIZOBIUM: 
It has been estimated that above each hector of land there are 
about 80000 tones of nitrogen available in atmosphere. But 
atmosphere nitrogen is not available to plants or animals. 
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Rhizobia, have the ability to fix atmospheric nitrogen in 
symbiotic association with legumes (Lee and Wani, 1989; Subba 
Rao, 1988b; Rao et al . , 1972; Beltra et. al . , 1980; Pueppke et. a!., 
1980). 
AZOTOBACTER AND AZOSPIRILLUM: 
Although many genera and species of N2 fixing bacteria have 
been isolated the rhizosphere soil of various cereals, mainly 
members of Azotobacter and Azospiri l lum genera have been widely 
tested under field conditions (Wani et al . , 1988a; Lehri and Mehrotra, 
1972; Rao et al . , 1963). 
The mechanism by which the plants inoculated with these 
bacteria drive positive benefits in terms of increased grain, plant 
biomass and N uptake are attributed to small increase in N input 
from BNF development and branching of roots, enhancement in 
uptake of NO3', HHA\ H2PO4, K \ Rb* and Fe^^ (Okon, 1985; Pandey 
and Kumar, 1989; Wani, 1990; Sheoran et al . , 2000). 
AZOLLA: 
The aquatic fern Azolla is distributed in both temperate and 
tropical rice growing regions and fixes atmospheric nitrogen (N2) in 
symbiotic association with a heterocystous BGA and Anabaena 
azollae (Kar et a l . , 2002). Azolla contains 0.2-0.3% N on fresh 
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weight basis and 3-5% N on dry weight basis. Azolla has been used 
as a ferti l izer for rice in Vietnam and China for centuries. However, 
its use as a bifertil izer for rice in other countries is a relatively 
recent development (Singh, 1989; Watanube, 1987). About 90 
strains belonging to seven species are being maintained at CRRI, 
Cuttack which is the premier centre of Azolla research in India. Of 
the seven species, Azolla pinnata is most widely distributed in India. 
At Cuttack, A pinnata fixed 75 mg N/g dry wt./day and produced a 
bio-mass of 347ton fresh wt./ha in a year which contained 868kg. N, 
as compared to 1900 kg urea (Singh, 1988). /^v* '" ' ' " ".- f'6Z> 
,'7 
\ I M ^ VJ * V, 
BLUE GREEN ALGAE (BGA): , , 
The first account of agronomic potential o f ' ^ Q A ' i r T v r i ^ ^ ^ a s 
presented by De (1939) and Singh (1942), who attributed the natural 
fertility of tropical paddy fields to these N-fixing organisms. Since 
then, numerous reports confirming the importance of BGA in 
nitrogen nutrition of rice have been published (Singh, 1961; Singh, 
1985, 1988; Singh and Bisoyi, 1989; Whitton and Roger, 1989). 
Studies conducted at CRRI indicated biomass variation of 4.3 to 27 
ft fresh wt/ha, 99 to 822kg dry wt/ha and N-yield of 14 to 32 kg/ha 
(Singh and Bisoyi, 1989). 
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PHOSPHATE SOLUBILIZING MICRO-ORGANISMS: 
A group of heterotrophic microorganisms are known to have 
the ability to solubilize inorganic P from insoluble sources (Subba 
Rao, 1983). Such as, Bacteria: Bacill lus megaterium, B-circulans, B-
subtil is, Pseudomonas straita, P- rathonis; Fungi: Aspergillus 
awamori, Penicil l ium digitatum, Trichoderma species; Yeast: 
Schwanniomyces occidentails. The solubilization of P by these 
microorganisms is attributed to excretion of organic acids like citric, 
glutamic, succinic, lactic, oxalic, glyoxalic, maleic, fumaric, tartaric 
and a-ketobutyric (Subba Rao, 1983). These microorganisms 
weather rock phosphate and tricalcium phosphate by decreasing the 
particles size reducing it to nearly amorphous forms. The action of 
organic acids has been attributed to their ability to form stable 
complexes with Ar"", Ca*'', Fe"'"' and Mg"""". In addition to P-
soiubilization these microorganisms can mineralize organic P in to a 
soluble form. 
VESICULAR-ARBUSCULAR MYCORRHIZAE (VAM): 
As per the revised classification the arbuscular mycorrhizae 
are formed by non-septate phycomycetous fungi (Morton and Benny, 
1990). These fungi are found associated with majority of agricultural 
crops. VAM occur over a broad ecological range from equatic to 
desert environments (Mosse et a l . , 1981). There is a report that 
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VAM fungus Glomus aggregatum was cultured axenically and 
maintained on a synthetic medium (Janardhanan et ai. , 1990). 
VAM have been associated with increased plant growth, and 
enhanced accumulation of plant nutrients, mainly P, Zn, Cu, and S 
through greater soil exploration by mycorrhiza! hyphae (Abbot and 
Robson, 1984; Cooper, 1984; Wani et al. , 1991; Aliasgharzadeh et 
al. , 2001). It has also been suggested that VAM stimulate plant 
growth by physiological effects other than by enhancement of 
nutrient uptake (Allen et al . , 1980). 
THE PROBLEW! 
A rapid industrialization and urbanization of agricultural lands 
aroused a serious concern over the quality of good production. It 
has been observed from data reported in literature that heavy metal, 
fly ash and farm chemical like pesticides, ferti l izers and their 
residue, significantly affect the crop production as well as soil 
properties and also biological status of the soil. 
Industrial wastes, sewage sludges, domestic wastes, fertilizer 
impurities and many other processes like atmospheric fall out from 
smelter, auto exhaust, have produced the heavy metals 
contamination of soil and plants, which increase the concern over 
the soil pollution and adversely affect the animal health. Particular 
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concern has been generated over the possibility of toxic elements 
entering the food chain through plants. In order to device methods 
for minimizing the content of these metals in to food, information is 
needed about the behaviour of these pollutants with soil component 
and their effect on the availability of essential elements to plants 
growth as well as nutrients uptake by them. 
Therefore, the problem of the thesis which deals with the 
"interaction of farm chemicals, fly ash and heavy metals with soils 
crops and soil microbes" was undertaken and the work has been 
divided into four chapters. 
Chapter - I : Influence of some chemical ferti l izers on the mobility of 
trace metals through soil amended with fly ash 
Chapter - l l : Effect of fly ash on the growth, development and metal 
ions uptake by broad bean (Vicia faba) and chilli (Capsicum 
frutescens) plants 
Chapter - I l l : Effect of fly ash on some properties and nutrient 
cations status of the soil 
Chapter-IV: Effect of endosulfan on the growth, development and 
nutrient concentration of barley (Hordeum vulgare) and alfalfa 
(Medicago sativa) plants 
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CHAPTER - I 
INFLUENCE OF SOME CHEMICAL FERTILIZERS 
ON THE MOBILITY OF TRACE METALS 
THROUGH SOIL AMENDED WITH FLY ASH 
80 
The use of fly ash (FA) as a source of macro and 
micronutrients (Mishra and Shukia, 1986; Plank, 1974; Andojumpei 
et a!., 1986; Sims et al . , 1995; Majumdar and Mukherjee, 1983) has 
been still a topic of research. Since it is contaminated with some 
toxic trace metals, harmful for human being, animals (Gupta and 
Gupta, 1998) and soil micro-organisms (Pitchel and Hays, 1990; 
Pitchei, 1990) that are responsible for the maintenance of soil 
fertility in agricultural lands. The study of the trace metais in 
agriculture is important as they get introduced in soils through 
various sources such as industrial wastes and waste water, 
automobile exhaust, poor grade rock phosphate etc. that are posing 
a grave and alarming concern as soil pollutants. (Mortvedt, 1996) 
from inhabitant health's point of view since they ultimately reach to 
them through food chains and drinking water (Waage Petersen and 
Kofod, 1991). 
Among the trace metals Cu and Zn are micro nutrients 
(Ulysses, 1979; Dinauer, 1972) useful for the healthy growth of 
plants and animals. Co is also regarded as essentia! element for 
animals health (Trivedy and Goel, 1986) while Ag and Pb are 
regarded as phytotoxic metals (Dijkshoorn et al . , 1979) and injurious 
81 
for animals (Underwood, 1971). The mobility determination of trace 
metals through soil is important as it provides a scientific data for 
their availability to plants (Khan and Khan, 1983) and are helpful in 
tackling pollutional problems posed by these metals in agricultural 
soils. Hence, it was thought worthwhile to study the role of some 
commonly used chemical fert i l izers such as ammonium nitrate, 
calcium nitrate, sodium nitrate, potassium nitrate, urea, ammonium 
chloride, ammonium sulphate and ammonium phosphate on the 
mobility of certain trace metals such as Cu, Co, Zn, Pb, and Ag 
through soil amended with FA. 
EXPERIMENTAL 
DETERMINATION OF MECHANICAL COMPOSITION: 
The mechanical composition of the soil sample was 
determined by International pipette method (Piper, 1950). 
REAGENTS REQUIRED: 
(i) 30% hydrogen peroxide 
(ii) 0.2N hydrochloric acid 
(iii) Sodium oxalate 
PROCEDURE: 
The soil sample (0-30cm.) used in these investigations was 
fine sandy loam collected from agriculture farm of Aligarh IVluslim 
University, Al igarh. For this 10gm of the soil sample previously 
passed through a 7 mesh sieve were dispersed in water after 
treatment with 30% H2O2 and 0.2N HCI using 50ml sodium oxalate 
(8 gm/litre) as dispersing agent. The percentage of coarse, medium 
and fine sand was calculated from the weight of the residues left 
behind over 200 mesh sieves. The suspension was diluted to 500ml 
and transferred to a graduated boiling tube, which was immersed in 
a constant temperature water bath at 25ji1°C throughout the course 
of pipetting. 10ml samples were pipetted out carefully in a petridish 
at specified intervals. It was then dried in an oven maintain at 105°C 
and weighted. The percentage of medium silt, coarse and clay were 
then calculated from the weight of residues. The percentage of 
coarse silt was calculated by subtracting the sum of the percentage 
of all the fractions as given from hundred. The results are recorded 
in Table 2. 
Fly ash was collected from Kasimpur thermal power plant. The 
physico-chemical properties of fly ash was determined by the same 
method as used in soil analysis. The results of fly ash are recorded 
in Table 3. 
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DETERMINATION OF pH: 
The pH of the soil was recorded with Elico pH meter model Li-
10 with glass and saturated calomel electrodes assembly. A 1:2.5 
soihwater ratio was used for measuring the pH of the soil and fly 
ash are recorded in Table 2 & 3. 
DETERMINATION OF ELECTRICAL CONDUCTIVITY (E.C.): 
The electrical conductivity of the soil and fly ash were 
measured with Phillips conductivity bridge (Jackson, 1958) and dip 
type cell at 30ji1°C. A 1:2.5 soikwater and fly ash:water were used 
for the measurement and are recorded in Table 2 & 3. 
DETERMINATION OF ORGANIC MATTER: 
The organic matter of the soil and fly ash was estimated by 
using method of Walkley and Black, 1947. 
REAGENTS REQUIRED: 
(i) Potasium dichromate : Aqueous solution of 1N 
(ii) Cone. Sulphuric acid 
(iii) 85% Orthophosphoric acid 
(iv) Diphenylamine indicator (1%Ethanolic solution) 
(v) Ferrous ammonium sulphate:N/2 Aqueous solution 
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PROCEDURE: 
A 2gm of soil or fly ash was taken in 500 ml conical flask, 10 
ml. of 1N Potassium dichromate solution and 20 ml of concentrated 
sulphuric acid were added to it. The flask was shaken vigorously 
several times and allowed to stand for 30 minutes and thereafter 
200 ml of distil led water, 10 ml of orthophosphoric acid and 1 ml of 
diphenylamine indicator were added to the flask. The excess of 
unreacted potassium dichromate was titrated against standard N/2 
ferrous ammonium solution till the violet colour change to a purple 
and finally to green. Reagents blank determination was also carried 
out in the same way. From the volume of dichromate solution used 
for oxidation process, the organic carbon was calculated by using 
the expression: 
(Blank titre-Actual titre) x 0.003 x N/2 x 100 
Organic Carbon(%) = 
Weight of dry soil in gm. 
Where N/2 is the concentration of ferrous ammonium sulphate. 
The value of organic carbon was converted to organic matter by 
multiplying with the factor 1.724. The percentage of organic matter 
is recorded in Table 2 & 3. 
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Table 2 
Physico-chemical properties of the soil 
Parameters Values 
pH (1:2.5 soil:water) 8T8 
EC (1:2.5 soil:water) (dSnT^) 0.48 
CEC (cmol kg-^ soil) 16.3 
Mechanical composition 
Sand (%) 60.0 
Silt (%) 26.5 
Clay (%) 13.5 
Organic matter (%) 0.48 
Available nitrogen (mg kg"'' soil) 
NH4''-N 36.4 
NOa'-N 28.0 
N02"-N 7.2 
Exchangeable cations (cmol kg"^ soil) 
Ca^^ 3.5 
Mg^^ ' 1.3 
Na^ 1.0 
K^ 0.25 
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Table 3 
Physico-chemical properties of the fly ash 
Parameters Values 
pH (1:2.5 soil:water) 6.57 
EC(1:2.5 soii-.water) (dSm-^) 7.07 
Mechanical composition 
Sand (%) 25.5 
Silt (%) 72.5 
Clay (%) 2 
Organic matter (%) 0.6 
Available nitrogen (mg kg'"" soil) 
NH4"-N 30.4 
NO3-N 3.2 
N02' -N 24.8 
Phospliorus 470 
Available (mg kg'^ soil) 
Ca 172 
Mg 142 
Na 105 
Fe 6.3 
Mn 2.20 
Cu 1.65 
Zn 1.4 
Co 3.6 
Pb 3.9 
Cd 4.28 
Ni 2.71 
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DETERMINATION OF CATION EXCHANGE CAPACITY: 
Cation exchange capacity was determined by tlie method of 
Jackson (1958). 
REAGENTS REQUIRED: 
(i) Hydrochloric acid 0.05 N 
(ii) Sodium acetate (pH5), 1N 
(iii) EDTA solution 
(iv) Eriochrome Black "T" ( 1 % Ethanolic solution) 
(v) Buffer solution (pH10) 
(vi) Sodium cyanide solution (2% Aqueous solution) 
PROCEDURE: 
A 5gm soil or fly ash sample was taken in a 100 ml conical 
flask and the soluble salts were washed out by treating the soil with 
0.05N HOI and finally with distil led water. It was further treated with 
IN sodium acetate of pH-5 for 30 minutes with intermittent stirring. 
This treated sample was given five washings with 1N standard 
calcium chloride solution. The excess salt was removed by washing 
with 80% aquous acetone solution until the excess CaCl2 is 
removed, as indicated by a negative AgNOa test for chloride ion in 
the final washing. The calcium ions were exchanged from Ca 
saturated soils by means of exchanging it with a neutral 1N sodium 
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acetate solution. The washings were collected and utilized in the 
determination of exchanged Ca^"" by titrating it with a standard EDTA 
solution, using 10ml of the NH4CI-NH4OH buffer of pH-10 and 
eriochrome black "T" indictor with I ml of 2% NaCN solution as 
masking agent for interfering ions. 
A reagent blank was also run simultaneously to avoid any 
error due to impurities. The blank readings were subtracted from the 
readings of calcium determination. From the volume of the EDTA 
used, the values of cation exchange capacity was calculated using 
the expression: 
V X N X 100 
Cation Exchange Capacity = cmol(p*)kg "'' soil 
(CEC) Weight of the soil in gm. 
Where, V in the volume of EDTA, N is the normality of EDTA 
solution used. The cation exchange capacity of soil and fly ash are 
recorded in Table 2 & 3. 
DETERMINATION OF EXCHANGEABLE CATIONS: 
A 50gm air dried soil or fly ash sample was taken into a 250ml 
conical flask and a 100ml of IN NH4OAC was added to it. The 
content of the flask was shaken for 20 minutes and allowed to stand 
over night. The soil contents were then transferred into a buckner 
funnel, in which a moist Whatman filter paper No. 42 had been 
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seated by a gentle suction. The soil was leached with an additional 
400 mi of NH4OAC. The fi ltrate containing NH4OAC extract of the 
soil was evaporated to dryness on a steam plate. The dark colour 
residue containing organic matter was treated with 2 ml of 30% H2O2 
and 2 ml of 6N-HNO3 and heated to dryness on a steam plate. The 
dried organic matter free residue was than dissolved in 10 ml of 6N 
HCI and diluted with disti l led water. It was fi ltered through Whatman 
filter paper No. 42 and the volume was made upto 100 ml. This 
solution was used in the determination of exchangeable Ca, Mg, Na 
and K in soil . Exchangeable calcium plus magnesium was estimated 
in the 10 ml of above solution by EDTA titration by using a half test 
buffer solution (pH-IO) and 4-5 drops of eriochrome black "T" 
indicator. Calcium was also estimated separately by using 
mureoxide indicator with 10% KOH as recommended by Jackson 
(1958). The volume of EDTA for magnesium was calculated by 
subtracting the volume for calcium from the volume of calcium plus 
magnesium used. 
The exchangeable sodium and potassium were estimated in 
the above solution by using "Systronicks" flame photometer. 
Standard curves (Fig. 6) sodium and potassium were used for 
calculating the amounts of Na and K in the above soil solution. The 
amount of exchangeable Ca^*, Mg^*, Na^ and K^ are recorded in 
Table 2 & 3. 
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DETERMINATION OF AVAILABLE NITROGEN: 
Available nitrogen was determined by the method of Hesse as 
follows: 
DETERMINATION OF AMMONIUM NITROGEN: 
REAGENTS REQUIRED: 
(1) Potassium chloride solution (2M) 
(ii) Magnesium oxide 
(iii) Mixed indicator (0.1 bromocresol green and 0.07 gm 
methyl red in 100 ml ethanol) 
(iv) Boric and solution 
PROCEDURE: 
A 5gm soil or fly ash was taken in 100ml glass stoppered 
conical f lask. A 50ml of 2M KCI solution was added in it. The flask 
was shaken vigorously for an hour and soluble contents were 
extracted through Whatman filter paper No. 42. A 10ml solution from 
extracts was taken in disti l lation flask and diluted with 50ml distilled 
water. A 0.5gm magnesium oxide was added through a long 
stremmed funnel into the flask. Ammonia was disti l led into a solution 
of 5ml boric acid containing mixed indicator through a condensor 
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until the final volume of disti l late was reached to about 30ml. The 
boric acid was then titrated with M/70 HCI by using a micro burette 
until the green colour changed to pink. A blank was also run in a 
same way. The available ammomium nitrogen was calculated using 
the relation. 
DETERMINATION OF NITRITE NITROGEN: 
REAGENTS REQUIRED: 
(i) All the reagents used in the determination of ammonium 
nitrogen 
(ii) Devarda alloy: Finally grounded and passed through 
0.15mm sieve. 
PROCEDURE: 
After disti l lation of NH4*-N, the stopper of the disti l lation flask 
was removed. Therefore, 0.2gm of Devarda alloy and 50ml of 
distilled water was added to it. The disti l lation flask was stoppered 
and then ammonia was disti l led in a fresh portion of boric acid 
solution. About 30mi disti l late was collected and titrated with M/70 
HCI. The value of nitrite nitrogen plus nitrate nitrogen was 
calculated in the same manner as described in the determination of 
ammonium. The value of nitr i te-nitrogen was obtained by subtracting 
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the value of nitrite nitrogen from it. Ttie results are given in Table 2 
& 3. 
DETERMINATION OF NITRATE NITROGEN: 
REAGENTS REQUIRED: 
(i) All the reagents used in the determination of nitrite nitrogen 
(ii) A 2% sulphamic acid solution 
PROCEDURE: 
The experimental procedure was partly the same as described 
in the determination of ammonium nitrogen. After the removal of 
distil lation flask, 1ml of 2% aqueous solution of sulphamic acid was 
added to it. The distil lation flask was swirled for few seconds to 
destroy the nitrate. Accordingly, 0.2gm Devarda alloy and 50ml 
distil led water were added in disti l lation flask. It was stoppered and 
ammonia was distilled with a fresh portion of boric acid solution. 
About 30ml distil late was collected in each case and titrated with 
M/70 HCI. The value of nitrate nitrogen was calculated in same 
manner as described in the determination of ammonium nitrogen. 
The results are given in Table 2 & 3. 
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DETERMINATION OF AVAILABLE PHOSPHORUS: 
Available phosphorus was determined by the method of Oisen 
(1954) as: 
REAGENTS REQUIRED: 
(i) Ammonium molybdate solution [15g (NH4)2Mo04 + 30ml 
cone. HCI in 65ml disti l led water]. 
(ii) Stannous chloride solution [10g SnCl2.2H20 + 25mi 
cone. HCI in 360mi water] 
PROCEDURE: 
A 5gm of soil or fly ash was taken in 150ml conical flask. One 
teaspoon of carbon black was added in conical f lask. Then, it was 
treated with 100ml of extracting solution (0.5M NaHCOs, pH 8.5). 
Content of flask was shaken for 30 minutes on a mechanical shaker 
and then it was fi ltered through Whatman filter paper No. 42. A 5ml 
of the clear extract was taken in 25ml measuring flask and 5ml of 
ammonium molybdate was added to it. The neck of the flask was 
washed with distilled water. After shaking the solution, 1mi of 
stannous chloride was added to it and then, volume as made up to 
the mark. Blue colour was then developed. A blank was prepared in 
the same way. The absorbance of the solution was recorded with 
95 
Bausch and Lomb using spectronic '20' at a wavelength of 660)a 
using a red filter. The results are given in Table 2 & 3. 
DETERMINATION OF TRACE METAL IONS: 
The determination of trace metal ions: Mn, Cu, Fe, Zn, Co, Cr, 
Pb, Cd and Ni of soil and fly ash were determined by GBC 902 
atomic absorption spectrophotometer: 
REAGENTS REQUIRED: 
(i) GBC 902 double beam atomic absorption 
spectrophotometer. 
(ii) Standard solution of trace metal ions: IVIn, Cu, Fe, Zn, Co, 
Cr, Pb, Cd and Ni 
DETERMINATION OF MOBILITY (Rf-value) OF TRACE METALS BY 
SOIL THIN LAYER CHROMATOGRAPHY: 
Mobilit ies of trace metals in terms of Rf-values in soil were 
made as discussed below: 
APPARATUS AND REAGENTS REQUIRED: 
A TLC applicator with adjustable thicl<ness, uniform glass 
plates (20 x 4 cm), glass Jars, glass sprayer, 100 mesh sieve (B. 
8.8.) . 
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i) Trace metals solution: For preparing 100 ml of 0.1M 
solution, requisite amount of metal nitrate in case of 
lead, copper, zinc, silver and cobalt were dissolved in 
distil led water. 
ii) Haematoxylene solution alcoholic (ethyl alcohal) solution 
of 0.5%. 
iii) Chemical Fertil izers solution: Aqueous solution of 
NH4NO3, Ca(N03)2, N H A C I , ( N H 4 ) 2 S 0 4 , NaNOs, KNO3, 
CO(NH2)2 and (NH4)3P04 was made by taking 30 ppm in 
each case. All the chemicals were (BDH) A.R. Grade. 
PREPARATION OF PLATES: 
For using soil thin layer chromatography, the soil was dried, 
grounded and passed through a 100 mesh sieve to get an uniform 
particle size and then mixed with varying amounts of FA 0, 2, 4, 6 
and 8 gm kg"^ soil . It was slurred with distilled water and coated on 
the glass plates (20 x 4cm) with the help of the TLC applicator to 
give an uniform layer of 0.5mm thickness of soil in each case. The 
plates were air dried at room temperature 30 + 3°C. Two lines were 
scribed on the plates at 4 and 14cm from the base so that a 10cm 
distance could be used for the development in the study. 
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APPL(CAT!ON OF SAMPLE AND DEVELOPMENTS OF PLATES: 
An aquenous solution of the respective (0.1 M) trace metal 
nitrate was spotted at the base line of soil T I C plate as a single 
spot (0.006 ml) with the help of micropipette. The plates were 
wrapped with a wet strip of fi lter paper at the bottom of the plates 
(about 2.5cm) to prevent disintegration of the soil and then 
developed with distil led water and various solutions of chemical 
fertil izers (30 ppm) in closed glass jars. The results are recorded in 
tables 4-12. 
DRYING AND DETECTION OF CHROMATOGRAPHY: 
The developed plated were air dried at room temperature 
(30°c) and the trace metal ions of Co, Cu, Pb, Zn and Ag were 
detected by spraying 0.5% (W/V) ethanolic solution of haemotoxylin, 
copper, cobalt, lead and silver ions gave a violet while zinc a brick 
red coloured spots that remain stable for several hours. 
MEASUREMENT OF Rf-VALUES: 
The trace metals mobility was measured by using relationship, 
1 RL + RT 
Rf = ^ 
10 2 
Where R L + R T / 2 is the average of leading and tailing distance 
from the base line. 
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RESULTS AND DISCUSSION 
The mobility (Rf-values) of trace metals (Fig. 7) through soil 
when water is used as a mobile phase and with increasing doses of 
FA follows the order: Co>Ag>Zn>Cu>Pb that are in accordance with 
reverse order of their hydrated ion size (Table 13). These ions may 
exist in their hydrated form as [M(H20)n+x], where n=valancy of 
metals and x=number of water molecules) in alkaline medium 
(Schnizer and Ghos, 1982) at soil pH 8.8. Since the smaller size 
exert greater force of attraction with the adsorptive sites of the soil 
surfaces resulting to follow the mobility trend. However, the mobility 
of trace metals decreased on increasing concentration of FA. This 
decrease is attributed due to the enhanced adsorptive sites created 
by increased doses of free carbon present in the FA. 
The effect of chemical ferti l izers on the mobility of trace 
metals seemed to be governed by the nature of the chemical 
ferti l izers used in soil . The role of these chemical ferti l izers on the 
mobilities of trace metals could be explained on the basis of the 
following mechanisms. The chemical ferti l izers in soil medium exist 
as: 
(i) NH4NO3 • NH4^+N03" 
(ii) Ca(N03)2 • Ca^* + 2N0 3 
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25r Calcium nirate '25p Sodium rirote 
Ammonium sulphate 
•20 
2 5 r 
Ammonium chloride Ammonium phosphate 
Amount of fly ash ( gm kg soil ) 
© - Ag • —Zn ^ —Cu 
—pb jsC-Co 
Fig. 7: In f luence of some chemica l fe r t i l i ze rs on the mob i l i t y of t race 
metals t h r o u g h so i l amended w i th FA 
100 
(iii) NH4C! • NH4^+Cr 
(iv) (NH4)2S04 • 2NH4^+S04^' 
(v) NaNOs • Na^+NOa" 
(vi) KNO3 • KVNO3 ' 
(vii) CO(NH2)2+4H20—• 2NH4OH + H2CO3 
(viii) (NH4)3P04 • 3NH4^+P04^" 
The above reactions clearly indicate the presence of NH4, Na*, 
K"", Ca^"" as cations and NO'3, CI ' , S0^"4, P04^' as anions in soil 
medium. Thus, these ions could be regarded to play a dominant role 
in deciding the mobility of trace metals in FA amended soil. The 
greater mobility of trace metal ions in case of chemical fertil izers 
with respect to water as a mobile phase can be attributed due to the 
blocking of adsorptive site by the above cations released by 
chemical ferti l izers on the basis of their relative binding strength on 
the soil surfaces in the order Ca^* > K* = NH^4 > Na^ (Brady 1995) 
and the solubility of trace metal salts (Table 13) with their anions. 
Thus, in cases of ammonium, calcium, sodium and potassium used 
as nitrates follow the mobility order: Ag>Zn>Cu>Pb>Co and 
governed in the sequence of the solubil i ty of metal nitrates whereas 
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Table 4 
Influence of distilled water on the mobility of trace metals 
through soil amended with varying levels of fly ash 
Rf-Values 
Trace Doses of Fly Ash Added (gm kg"^ soil) 
Metals 
4 6 8 
Co^^ 0.16 0.15 0.13 0.12 0.11 
Ag" 0.15 0.14 0.12 0.11 0.10 
Zn^^ 0.14 0.13 0.11 0.10 0.09 
Cu^^ 0.12 0.10 0.09 0.08 0.07 
Pb^^ 0.10 0.09 0.08 0.07 0.05 
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Table 5 
Influence of ammonium nitrate (30 ppm) on the mobility of 
trace metals through soil amended with varying levels of 
fly ash 
Trace 
Meta ls 
Ag^ 
Zn^^ 
Cu^^ 
Pb^^ 
Co^^ 
D 
0 
0.24 
0.22 
0.20 
0.18 
0.17 
OSes of F ly 
2 
0.23 
0.21 
0.18 
0.17 
0.16 
Rf -Va lues 
A s h A d d e d 
4 
0.22 
0.20 
0.17 
0.16 
0.15 
(g m kg'^ 
6 
0.20 
0.19 
0.16 
0.14 
0.15 
so i 1) 
8 
0.19 
0.17 
0.15 
0.13 
0.14 
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Table 6 
Influence of calcium nitrate (30 ppm) on the mobility of 
trace metals through soil amended with varying levels of 
fly ash 
Trace 
Meta is 
Ag^ 
Zn^^ 
Cu^^ 
Pb '^ 
Co^^ 
D 
0 
0.23 
0.22 
0.20 
0.19 
0.18 
OSes of Fly 
2 
0.22 
0.21 
0.19 
0.18 
0.17 
Rf 
Ash 
-Va lues 
Added 
4 
0.21 
0.20 
0.18 
0.16 
0.15 
(g m. kg"^ 
6 
0.20 
0.18 
0.17 
0.15 
0.14 
soil) 
8 
0.19 
0.17 
0.15 
0.14 
0.13 
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Table 7 
Influence of ammonium chloride (30 ppm) on the mobility of 
trace metals through soil amended with varying levels of 
fly ash 
Rf-Values 
Doses of Fly Ash Added ( g m . k g " ' so i l ) 
0 2 4 6 8 
Trace 
Meta ls 
. -1 
0.19 
0.18 
0.16 
0.15 
0.14 
0.18 
0.16 
0.15 
0.13 
0.12 
0.17 
0.15 
0.14 
0.12 
0.11 
0.16 
0.14 
0.12 
0.11 
0.10 
0.14 
0.13 
0.11 
0.10 
0.09 
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Table 8 
Influence of ammonium sulphate (30 ppm) on the mobility of 
trace metals through soil amended with varying levels of 
fly ash 
Trace 
Meta ls 
Zn^^ 
Co^^ 
Cu^^ 
Ag^ 
Pb '^ 
D 
0 
0.20 
0.18 
0.16 
0.15 
0.14 
OSes of Fly 
2 
0.19 
0.17 
0.14 
0.13 
0.12 
Rf-Values 
Ash Added 
4 
0.17 
0.15 
0.13 
0.12 
0.11 
(g m. kg'^ 
6 
0.16 
0.14 
0.12 
0.11 
0.10 
soi «) 
8 
0.15 
0.13 
0.11 
0.10 
0.09 
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Table 9 
Influence of sodium nitrate (30 ppm) on tine mobility of trace 
metals through soil amended with varying levels of fly ash 
Trace 
Meta ls 
Ag^ 
Zn^^ 
Cu^^ 
P b ' " 
Co^^ 
D 
0 
0.21 
0.20 
0.19 
0.17 
0.16 
OSes of Fly 
2 
0.20 
0.19 
0.18 
0.16 
0.15 
R f -Va lues 
Ash Added 
4 
0.19 
0.18 
0.16 
0.15 
0.13 
(g m. kg"^ 
6 
0.17 
0.16 
0.15 
0.13 
0.12 
soi 1) 
8 
0.16 
0.15 
0.14 
0.12 
0.11 
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Table 10 
Influence of potassium nitrate (30 ppm) on tlie mobility of 
trace metals through soil amended with varying levels of 
fly ash 
Trace 
Meta ls 
Ag* 
Zn^^ 
Cu^^ 
Pb^^ 
Co^^ 
D 
0 
0.17 
0.16 
0.15 
0.12 
0.10 
OSes of F ly 
2 
0.16 
0.15 
0.14 
0.11 
0.10 
Rf 
A s h 
-Va lues 
A d d e d 
4 
0.15 
0.13 
0.12 
0.09 
0.08 
(g m. kg '^ 
6 
0.13 
0.11 
0.10 
0.08 
0.07 
so i 1) 
8 
0.12 
0.10 
0.09 
0.07 
0.06 
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Table 11 
Influence of urea (30 ppm) on the mobility of trace metals 
through soil amended with varying levels of fly ash 
Trace 
Meta is 
Co^^ 
Ag* 
Zn^^ 
Cu^^ 
Pb^^ 
Doses 
0 
0.22 
0.21 
0.20 
0.18 
0.17 
of F ly 
2 
0.20 
0.20 
0.19 
0.17 
0.15 
Rf 
Ash 
-Va lues 
A d d e d 
4 
0.18 
0.19 
0.17 
0.15 
0.14 
(g m. Kg"* 
6 
0.17 
0.18 
0.16 
0.14 
0.12 
soi il) 
8 
0.15 
0.16 
0.13 
0.12 
0.10 
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Table 12 
Influence of ammonium phosphate (30 ppm) on the mobility 
of trace metals through soil amended with varying levels of 
fly ash 
Trace 
Metals 
Zn^^ 
Co^^ 
Ag^ 
Pb^^ 
Cu^^ 
D 
0 
0.17 
0.16 
0.14 
0.13 
0.10 
OSes of Fly 
2 
0.16 
0.15 
0.13 
0.12 
0.08 
Rf 
Ash 
-Values 
Added 
4 
0.14 
0.13 
0.11 
0.10 
0.07 
(g m. Kg'^ 
6 
0.13 
0.12 
0.10 
0.09 
0.06 
soi 1) 
8 
0.12 
0.11 
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the use of ammonium sulphate, ammonium chloride and ammonium 
phosphate as a mobile phase have shown the mobility orders: 
Zn>Co>Cu>Ag>Pb; Zn>Co>Cu>Pb>Ag and Zn>Co>Ag>Pb>Cu in the 
respective cases (Fig. 7) and have followed the trend in the 
sequence of their solubility of metal sulphates, metal chlorides and 
metal phosphates. Thus, the influence of chemical ferti l izers on the 
translocation of trace metals behave in the order: 
NH4N03>Ca(N03)2>(NH2)2Co>(NH4)2S04>NH4CI>KN03>(NH4)3P04 
which is in accordance with their solubility (Table 13). In case of 
urea as ferti l izer the metal ions follow the sequence of their 
hydrated ions size parameters and have revealed the similar trend 
as in case of disti l led water. Thus, a combined effect of the 
solubility and the relative blocking tendency of the ions released 
from the chemical ferti l izers could be considered as a key factor in 
deciding the trace metals movement through soil amended with FA. 
REFERENCES 
Andojumpei, N.J, Uzawa, M.N. and Yoji (1986). Nippon Dojo 
Hiryogaku Zasshi. 57(4): 391-394. 
Athorton S. (1940). Solubilit ies of inorganic and metai organic 
compounds. Van Nostrand Company Inc. 250 4'" Avenue, New 
York. 
112 
Brady, N.C. (1995). Nature and properties of soils. Fundamental of 
layer silicate clay structure, 183-184. 
Dinauer (ed.), R.C. (1972). Micronutrients in Agriculture Soil 
Science Society of America, Madison Wis. 666 p. 
Dijkshoorn, W. V; Broekhoven, L.W. and Lambe, J.E.M. (1979). 
Agric. Sci. 27: 241-253. 
Preiser, H. and Fernando, Q. (1966). Ionic Equilibrium in Analytical 
Chemistry, New York. 
Gupta. U.C. and Gupta, S.C. (1998). Soil Science plant analysis. 29 
(11-14), 1491-1522. 
Jackson, M.L. (1958). Soil Chemical analysis. Prentice Hall, 
Englewood Cliffs, NJ. 
Khan, S. and Khan, N.N. (1983). Plant and Soil 74: 387-394. 
Majumdar A. and Mukherjee, S.N. (1983). Fuel Sci. Technol,2:80-81. 
Mishra, L.C. and Shukia, K.N. (1986). Environ. Pollut. (Series A) 42: 
1-13. 
Mortvedt, J.J. (1996). Fert. Res. 43(1-3): 55-61, 
Piper,C.(1950). Soil and plant analysis, Univ. of Adelaide, Australia. 
Pitchel, J.R. (1990). Environ. Pollut. 63(3): 225-237. 
113 
Pitchel, J.R. and Hays, J.M. (1990). J. Environ. Qual. 19: 593-597. 
Plank, Carl O. (1974). Diss. Abstr. Int. B34(9): 4156-4157. 
Sims, J.T.; Vasllas, B.L. and Ghodrati, M. (1995). Water, Air, Soli, 
Pollut. 81(3-4): 363-72. 
Trivedi, R.K. and Goel, P.K. (1986). Chemical and Biological 
methods for water pollution studies. Environmental 
Publications, Karad, India. 
Ulysses, S. J. (1979). Fertil izers and Soil Ferti l ity Publishing Co, 
Inc. Reston, VA. 
Underwood, E.J. (1971). Trace elements in human and animal 
nutri t ion. 3'^ '^  Edn., New York. Academic Press. 
Waage Peterson, J. and Kofod, J. (1991). Int. Ash use Symp. 9'^ 
GS-7162, 3: 58/1-58/14. 
Walkley, A. and Black, C.A. (1947). Soil Sci. , 63: 251 . 
CHAPTER - II 
EFFECT OF FLY ASH ON THE GROWTH, 
DEVELOPMENT AND METAL IONS UPTAKE BY 
BROAD BEAN (Vicia faba) AND CHILLI 
(Capsicum frutescens) PLANTS 
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INTRODUCTION 
To broaden and enlarge the scope for util izing the fly ash as a 
source of major and nnicronutrients in agricultural production has 
been one of the thrust area of research in recent years (Selvakumari 
et al . , 2000; Singh et a!., 1991; Sarangi and Mishra, 1998; 
Schumann and Sumner, 1999; Das et a l . , 2000) due to their huge 
availability at a through-away price in India. A large number of 
research papers dealing with various aspects of FA in relation to 
soil behaviour such as porosity (Saxena et al . , 1998), changes in 
physico-chemical properties (Khan et a l . , 1996; Sahu and Kar, 1998; 
Khandkar et al., 1999; Menzies and Aitken, 1996) and micronutrient 
status of the soil (Saxena et a l . , 1997; Page et al . , 1979) and its 
pollutiona! aspects (Chandra, 1997; Sikka and Kansal, 1994; 
Sripriya et al. , 1998; Kim et a l . , 1994) as well as its effects on 
bioactivlty (Pitchel and Hays, 1990; Pitchel, 1990) in soils are 
reported. However, its role in the uti l ization of trace metal cations 
such as Ca, Mg, Na, K, Mn, Cu, Zn, Fe and Co as plant nutrients 
and Cr, Pb, Cd, Ni as non-essential toxic metals in plant growth is 
limited in l iterature. It was therefore thought worthwhile to study the 
role of FA in the growth, development and metal nutrients uptake by 
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two important vegetable crops viz. Board been (Vicia faba) and 
Chilli (Capsicum frutescens) under Indian environmental conditions. 
EXPERIMENTAL 
The soil sample (0-30cm) used in these investigations was 
Hirapur fine sandy loam collected from cultivated land of Aligarh 
District (U.P.) India and fly ash was from Kasimpur Thermal Power 
Plant situated in Aligarh District. The soil and FA samples were air 
dried at room temperature (30ji3°C), crushed and sieved through a 
100 mesh sieve (B.S.S). The physico-chemical properties of the soil 
and FA were determined by the standard methods as described in 
Chapter 1 and the results of FA are recorded in Table 3 of chapter 1 
of this thesis. Results of soil are given in table 14. 
GREEN HOUSE EXPERIMENTS 
For pot experiments, varying amounts 0 (control), 5, 10, 15, 
20, 25, 30 and 35 gm of FA were thoroughly mixed with one Kg soil 
and taken in each earthenware pots (15 cm diameter x 15 cm deep) 
which were precoated internally with coaltar to prevent the nutrients 
absorption. Three replications of each treatment were used. The 
pots were stored in a glass house maintained at 25+3 by taking care 
to regulate the moisture content of the soil to about 60% of its water 
holding capacity by adding distilled water whenever necessary. Out 
Table 14 
Physico-chemical properties of the soil 
Parameters Values 
pH (1:5 soihwater) 875 
EC(1:5 soil:water) (dSm"'') 0.683 
CEC (cmol kg"^ soil) 16.3 
Mechanical composition 
Sand (%) 61 
Silt (%) 25 
Clay (%) 14 
Organic matter (%) 0.41 
Available (mg kg"^ soil) 
NH4' -N 36.4 
N03"-N 28.0 
N02"-N 7.2 
Phosphorus 35 
Exchangeable cations (cmol kg"^ soil) 
Ca ' " 3.5 
Mg^' 1.2 
Na" 1.0 
K' 0.5 
Trace Metal Ions (mg kg''' soil) 
Mn 1.69 
Cu 1.18 
Zn 1.29 
Fe 5.8 
Co 3.2 
Cr 0.42 
Pb 0.39 
Cd 0.28 
Ni 0.36 
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of the certified seeds of broad bean and chilli procured from Chola 
Beej Bhandar, near roadways bus stand, Al igarh. Ten seeds were 
sown in each pot containing FA amended soils and ultimately 
thinned and allowed to grow for a total period of 90 days. Before 
they were taken for analysis. Plants were removed from the pots and 
were properly washed with distilled water. The physical parameters 
such as number of leaves, shoot and root length, fresh and dry 
shoots weight were examined (Table 15 & 16). The results of plant 
analysis were recorded in table 17 & 18 to ascertain the trace 
metals absorption by the plants (Tandon, 1993). 
DETERMINATION OF METAL IONS UPTAKE BY BROAD BEAN 
AND CHILS PLANTS 
Apparatus and reagents required: 
• Systronics flame photometer 
• (G.B.C.902) Double beam atomic absorption spectrophotometer 
• Cone. Nitric acid 
• Cone, perchloric acid 
• Cone, hydrochloric acid 
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• EDTA solution 
• Eriochrome black "T" indicator 
• Buffer solution (pH 10) 
• Standard solutions of K, Ca, Mn, Fe, Co, Cu and Zn metals 
PROCEDURE 
One gm of the air dried and grounded plant sample was 
digested in 10ml acid mixture containing HNO3 : HCI04(4:1). The 
digestion mixture was heated over a hot plate till brown fume ceases 
and converted to a syrupy liquid along with some white fumes. It 
was dissolved in 5ml HCI (Cone.) and diluted with disti l led water and 
f i l tered. The fi ltrate was adjusted to a volume of 50ml in each case. 
The solutions thus obtained were used for the estimation of plant 
nutrients. The Na and K were estimated by using "Systronics" flame 
photometer. The amounts of Ca plus Mg were estimated by 
versenate (EDTA) titration using buffer solution (pH-10) and 
eriochrome black - "T" indicator. While, the amount of Ca was 
estimated by EDTA titration by using mureoxide indicator (Jackson, 
1958). The amount of Mg was then calculated by subtracting the 
values of Ca from the values of Ca plus Mg. The amount of Mn, Cu, 
Zn, Fe, Co Cr, Pb, Cd, and Ni was estimated by (G.B.C. 902) double 
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beam atomic absorption spectrophotometer. Tlie results are 
recorded in table 17 & 18. 
RESULTS & DISCUSSION 
The effect of FA on the growth, development and seed 
germination of Broad bean (Vicia faba) and Chilli (Capsicum 
frutescens) plants are given in table 15 & 16 and result are shown in 
vide figure 8 & 9. The results on metal uptake vide table 17 & 18 
indicate a beneficial effect of FA at lower doses upto 15gm FA kg'^ 
soil vide figure 10 & 11 with respect to control (soil without FA) in 
both the cases. Thereafter a harmful phytotoxic effect was noticed. 
The beneficial trend is due to the enhanced supply of avaiiabie 
nutrients from the soil amended with FA (Elsewi et al . , 1980). The 
release of available nutrients and their uptake from the FA amended 
soil may be considered due to the enhanced microbial/chemicai 
activities responsible in their release along with toxic metals that 
remain under their non-phytotoxic limits (Khan et a!., 1996). The 
harmful effect after a dose of 15gm FA kg""* soil may be due to the 
greater availabil i t ies and uptake of toxic heavy metals such as Cr, 
Pb, Cd and Ni resulting an inhibitory trend in nutrient metals 
absorption by the plants. The highest uptake of various nutrient 
metal ions by Broad bean (Vicia faba) was found to be in the 
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Fig, 8: Effect of Fly ash on the Growth and Development of Broad 
bean (N/icia faba) Plant 
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FI-Y ASH 
FIG. 10 EFFECT OF FLY ASH ON GROWTH AND DEVELOPMENT OF 
BROAD BEAN {Vicia faba) SHOOTS AND ROOTS 
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FIG.lf. EFFECT OF FLY ASH ON THE GROWTH AND DEVELOPMENT OF 
CHILLI {Capsicum frutescens) SHOOTS AND ROOTS 
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increasing trend for K, Na, Ca, Mg, Fe, Mn, Zn, Cu and Co up to a 
doses of 15gm FA kg"^ soil, whereas Pb, Cr, Cd and Ni followed the 
increasing trend in their uptake throughout the entire range of 
amendments. Physiological parameters show a better response in 
regards to seed germination, fresh and dry shoot weight, root and 
shoot length and number of leaves per plant up to a doses of 15gm 
FA kg"^ soil . The stunt growth for the plants at reduced bioactivity 
posed by the presence of higher levels of toxic heavy metals 
associated by the increasing concentrations of FA (Pitchei, 1990) 
might be the plausible explanation. 
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CHAPTER - ill 
EFFECT OF FLYASH ON SOME PROPERTIES AND 
NUTRIENT CATIONS STATUS OF THE SOIL 
132 
INTRODUCTION 
FA released from the thermal power plants and other coal 
base industries, has a great potential to be util ized as a source of 
major and micronutrients in agricultural soils (Menzies and Aitken, 
1996; Kim et al . , 1994; Singh et a!., 1991) with the possibility of 
some toxic contamination in agricultural product (Majumdar and 
Mukherjee, 1983; Fulekar et a!., 1983). The use of flyash in 
agriculture, its impact in the soil on short and long term basis has 
become a topic of research in recent past (Sahu and Kar, 1998; 
Khandkar et al . , 1999; Sripriya et a l . , 1998). The reports {Khan et 
al . , 1996; Saxena et a l . , 1997) suggest the fly ash amendments 
could lead to an appreciable changes in physico-chemical properties 
and nutrient status of the soil. However, the use of fly ash in 
relation to the availabil ity of some major and micronutrients in soil is 
still a matter of debate. 
Among some major and micro-nutrients, Ca^"" and Mg^"" are the 
major (secondary) nutrient cations while Fe^*, Mn^"", Zn^*, Cu^"" and 
Co^"" are regarded as micronutrient cations and required for the 
healthy growth of plants (Robinson et al . , 1999; Tripathi et al. , 1999; 
Sacchi et a l . , 1999). Therefore, the major and micronutrients play a 
vital role in plant systems: Ca^* combines with pectin in the plant, 
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which is essential constituent of cell wall and also pronnotes the 
activity of soil bacteria concerning nitrogen f ixation. iVIg "^" is an 
essential constituent of chlorophyll . Fe^*, Mn^"" and Cu^"" are capable 
of acting as "electron carriers" in certain enzyme systems and Co is 
essential for symbiotic nitrogen fixation (Wilson and Reisenauer, 
1963). The principal function of zinc in plants as a metal activator of 
enzymes (Krishanappa et a!., 1992). 
EXPERIMENTAL 
The soil sample (0-30 cm) used in these investigations was 
Hirapur fine sandy loam collected from cultivated land of Aligarh 
district and fly ash was from Kasimpur Thermal Power Plant situated 
in Aligarh district (U.P.) India. The soil and FA samples were air 
dried at room temperature (30ji3°C), crushed and sieved through a 
lOOmesh sieve (B.S.S). The physico-chemical properties of the soil 
and FA were determined by the standard methods as described in 
chapter 1 and the results of FA are recorded in table 3 of chapter 1 
and the results of soil are described in table 14 of chapter 2 of this 
thesis. 
For conducting the experiments, the varying quantities of FA 0 
(control), 5, 10, 15, 25 and 35 gm Kg"'' were thoroughly mixed with 1 
Kg of the soil before taking amended samples into the separate 
134 
earthenware pots (15 cm. diameter x 15cm. deep), which were 
precoated internally with coaltar to prevent the nutrients absorption. 
Three replications of each treatment was used. The soil in each of 
the pot was then wetted with disti l led water and maintained to about 
60 percent water holding capacity (WHC) of the soil . The pots were 
kept at 30±3°C in a glass house and at constant moisture levels 
maintained by adding distil led water when necessary. 
PROCEDURE 
The soil samples were drawn up periodically for six weeks by 
a soil sampler at a regular interval of 7 days and analysed for soil 
pH, EC and some available plant nutrient cations such as Ca^"", 
Mg^"", Fe^*, Mn^"", Cu^*, Zn^* and Co^* in amended soi l . The amounts 
of Ca plus Mg were estimated by versenate (EDTA) titration using 
buffer solution (pH-10) and eriochrome black "T" indicator. While the 
amount of Ca was estimated by EDTA titration by using mureoxide 
indicator (Jackson, 1958). The amount of Mg was then calculated by 
subtracting the values of Ca from the values of Ca plus Mg. The 
amount of Fe, Mn, Cu, Zn, Cu and Co were estimated by (G.B.C. 
902) double beam atomic absorption spectrophotometer. The results 
are recorded in tables 19-27. 
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RESULTS AND DISCUSSION 
The results vide figure 12(a) indicate the decrease in soi! 
pH from 8.5 to 8.02 may be regarded due to the free acid 
l iberated due to the CO2 evolution through oxidation of SOM by 
the enhanced microbial activit ies in soil as a result of FA 
amendments (Elsewi, et a l . , 1980). 
Soil microbial activities H2O 
(SOM+FA) t. CO2 • H2CO3 
The role of certain microbes (Rangaswami and Bagyaraj, 
1993) such as thiobaci l lus, Beggiatoa, thiothrix, thioplaca etc. in 
releasing the free acids under aerobic/anaerobic condit ions can 
not be ruled out as they are considered to be strict 
chemosynthet ic autotrophs capable of uti l izing the energy 
l iberated in oxidation of H2S (released in break down of amino 
acid) and sulphur as: 
H2S + 72 02 • S + H2O (41400 Cai.) 
S + H 2 0 + i y 2 0 2 • H2SO4 (118000 Cal.) 
The acids produced by the hydrolysis of salts in soil as weli 
as ^ ^ mi# ^^  ^^® "^°^ ^ '^' ^^ ^^ ^ °^  ^""'"^'^^ ^^ '^ '^" *" *°''^''" '^^ 
soil pH as 
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FeS04 + 2H2O • F e ( 0 H ) 2 | + H2SO4 
Al2(S04)3 + 6H2O :—• 2AI(OH)3| + 3H2SO4 
MgCl2 + 2H2O • Mg (0H)2 | + 2HCI 
The result vide figure 12(b) on the increase in EC can be 
explained on the basis of the decomposition of solid material 
containing nutrients metal ions liberated by the free acids in their 
ionic forms has contributed the enhancement in electrical 
conductivity (EC) which is a measure of soluble salts (Eary et al., 
1990) and has resulted in increase of nutrients cations as 
CaCOs j + H2SO4 • CaS04 + H2CO3 
CaCOsl + H2CO3 • Ca(HC03)2 
MgCOsI + H2SO4 • MgS04 + H2CO3 
MgCOs j + H2CO3 • Mg(HC03)2 
The results vide figure 12 (c, d, e, f, g, h & 1) show an increase 
in the plant nutrients such as Ca^^, Mg2 \ Fe^^ Mn^*, Zn^\ Cu^^ and 
Co^"" respectively at lower doses FA upto 15gm Kg'^ soil. It could be 
attributed due to optimum nontoxic limit of FA capable in facilitating 
the microbial activities responsible for acids liberation and chemical 
transformations of unavailable nutrients into their soluble/available 
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forms while the decrease in the plant nutrient metal ions above this 
dose becomes lethal for the microbes in regards to their activities 
responsible for oxidizing/solubil izing of nutrients in soil. The 
adsorption of nutrient metal cations over metal oxide surfaces found 
at higher doses due to passage of time on prolong watering capable 
for hydrolyzing to their solid phase formation as well as subsequent 
adsorption of other non hydrolizable ions over hydroxyl species sucti 
as Fe(OH)3/AI(OH)3 could not be ruled out as indicated below: 
OH OH 
H 
\ 
H 
/Fe/Al< OH 
O + M2+ 
Fe/Al<e—OH 
\ 
O 
H 
OH 
.Fe/AK OH^ 
'Fe/Al< OH' 
I 
H 
M2++Iir 
OH 
( M 2 * = C U 2 ' ' & Zn^*) 
The higher availabil ity at lower concentration FA addition 
could be due to the micorrhizae fungi such as actomicorrhizae and 
endomicorrhizae capable of solublizing Mn02 present in FA into 
Mn^"" ions, while the decrease of higher dose of FA could be due to 
the inhibition of fungal activity posed by toxic materials in FA 
amended soil. The highest microbial activity is noticed upto a period 
of 2"'^ week beyond which their activity is gradually diminished 
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resulting in the decrease of Mn^"" witl i tine passage of t ime. Tine 
decrease in Co^* concentration at li igher dosages of FA could be 
due to the high adsorption capacity of Manganese oxides for Co^'' 
ions. 
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CHAPTER-iV 
EFFECT OF ENDOSULFAN ON THE GROWTH, 
DEVELOPMENT AND NUTRIENT 
CONCENTRATION OF BARLEY (Hordeum vulgare 
AND ALFALFA (Medicago sativa) PLANTS 
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INTRODUCTION 
The extensive use of poisonous organic compounds used as 
pesticides for controll ing various pest born diseases etc. for getting 
higher yield has also aroused concern of pollution hazards in 
agriculture (Wiberg et a l . , 2000; Kiraly, 1996; Mitra and Raghu, 
1998). Endosulfan is a non-ionic systemic, contact and stomach 
insecticide, which in some cases has a long residual action and low 
solubility in water (Henkelmann, 2002; Bewick, 1994; Ueji, 1998). 
Thus they become highly persistent and may lead to get 
accumulated in animals and human through food chain (Xue et al., 
2002; Awasthi and Prakash, 1997; Qiao, 1996; Roberts, 1996; Mala 
et ai. , 2001). Ignacimuthu and Kumar (1994) have reported that the 
endosulfan causes irreparable chromosomal damage in Allium cepa 
L. An acute toxicity of this insecticide has also been reported on 
Bombyx mori (Maruthanayagam et a l . , 1997). Sahai and Chaudhary 
(1995) reported that endosulfan causes severe adverse effects on 
the blood cells in rats. Magu et al. (1974) reported that application 
of organochlorine insecticides were inhabited to nodulation and 
grain yield of chick pea. 
The use of endosulfan Is reported to cause significant change 
in the status of plant nutrients in soil and influence the microbial 
152 
activities (Levanon, 1997; Qiao et a!., 1999; Wang et a!., 1999; 
Dordevic et al . , 1999; Khan et a l . , 2000; Khan and Singh, 1996). It 
was felt worthwhile to study the effect of endosulfan on the growth, 
development and nutrient uptake for certain plants such as Barley 
(Hordeum vulgare) and Alfalfa (Medicago sativa) crops that would 
be of immense importance in tackling the problem of soil pollution 
posed by this chemical in the soil environment of Aligarh district. 
EXPERIMENTAL 
The soil sample (0-30cm) used in these investigations was 
Hirapur fine sandy loam collected from cultivated land of Aligarh 
district (U.P.) India. The soil samples were air dried at room 
temperature (30j:3°C) crushed and sieved through a 100 mesh sieve 
(B.S.S.). The physico-chemical properties of the soil were 
determined by standard methods as described in chapter I and 
results are recorded in table 14 of chapter I I . 
Green House Experiments 
For pot experiments, solutions containing varying quantities 0, 
10, 20, 30 and 40 mg kg''' soil of endosulfan were thoroughly mixed 
with 1kg of soils and taken in each earthenware pots (15cm 
diameter x 15cm deep) which were pre-coated internally with coaltar 
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to prevent the nutrient absorption from the soil . Three replications of 
each treatment were used. The pots were stored in a glass house 
maintained at 25H I3°C by taking care to regulate the moisture 
content of the soil to about 60% of it's water holding capacity by 
adding disti l led water wherever necessary. Out of the certif ied seeds 
of Barley (K-24) and Alfalfa (T-9) procured from Chola Beej 
Bhandar, Near Roadways Bus Stand, Al igarh, ten seeds were sown 
in each pot containing endosulfan amended soil and ultimately 
thinned and allowed to grow for a total period of 90 days before they 
were taken for analysis. The physical parameters such as number of 
leaves, shoot and root length, fresh and dry shoots weight were 
examined (Tables 28-29 & Fig. 13-16). The results of plant analysis 
were recorded in Table 30 and 31 to ascertain the nutrient 
absorption by the plants (Tandon, 1993). 
DETERMINATION OF NUTRIENTS UPTAKE OF BARLEY AND 
ALFALFA PLANTS 
Apparatus and reagents requi red: 
• Systronics flame photometer 
• (GBC 902) Double beam atomic absorption 
spectrophotometer 
• Cone. Nitric acid 
• Cone, perchloric acid 
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Cone, hydrochloric acid 
EDTA solution 
Eriochrome black "T" indicator 
Buffer solution (pH 10) 
Standard solutions of K, Ca, Mn, Fe, Co, Cu and Zn metals 
Vanadomolybdate solution 
Phosphorous standard solution (50 ppm) 
PROCEDURE 
One gram of the air dried and grounded plant sample was 
digested in 10 ml acid mixture containing HN03:HCI04 (4:1). The 
digested mixture was heated over a hot plate till brown fume ceases 
and converted to a syrupy liquid along with some white fumes, it 
was dissolved in 5 ml HCI (Cone.) and diluted with disti l led water 
and fi ltered and the fi l trate was adjusted to a volume of 50 ml In 
each case. The solutions thus obtained were used for the estimation 
of plant nutrients. The Ca and K were estimated by using 
"systronics" flame photometer separately by using their standard 
curves. The amount of calcium plus magnesium was determined by 
EDTA titration using erichrome black "T" indicator at pH-10 
(Jackson, 1958). The amount of magnesium was then calculated by 
subtracting the value of Ca from Ca plus mg. The concentration of 
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available Mn, Cu, Zn and Co were estimated by (GBC 902) double 
beam atomic absorption spectrophotometer the amount of P was 
estimated by spectrophotometric procedure at 470 nm by using 
vanadomolybdate solution as colouring agent (Chopra, 1979). The 
results are recorded in table 30 and 31 for barley and alfalfa crops 
respectively. 
RESULTS AND DISCUSSION 
The results from vide table 30 and f ig. 15 of barley grown on 
endosulfan amended soil indicate that the concentration of Ca, Mg, 
P, K, Mn, cu, Zn and Co uptake were found to increase at its lower 
concentration (upto 10 mg kg'^ soil) and thereafter an inhibitory 
trend was noticed through out the entire range of investigations. 
The inhibitory effect on seed germination, growth and nutrient 
uptake of barley might be due to the toxic behaviour of endosulfan 
on azotobactor spp. phosphate dissolving microbes and other 
beneficial soil micro organisms (Smith et a!., 1945; Chiaro, 1953; 
Dordevic et al . , 1999) 
The nutrients uptake by barley (Hordeum vuigare) was found 
to be in the sequence of K>Ca>Mg>P in case of macronutrients 
while for micronutrients was Mn>Zn>Cu>Co through out the entire 
range of study. 
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Table 28 
Effect of varying concentration of endosulfan on the 
growth and development of Barley Plant 
Observations 
Concentration of added endosulfan (mg kg'^  soil) 
0.0 10.0 20.0 30.0 40.0 
Shoot length (cm) 23.0 30.0 26.0 18.0 14.0 
Root length (cm) 13.0 16.0 14.0 12.0 10.0 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
No. of leaves/plant 
10.0 
2.5 
10.0 
14.0 
2.7 
15.0 
11.8 
2.1 
12.0 
9.1 
1.3 
9.0 
7.0 
0.60 
6.0 
Germination (%) 88 90 86 82 78 
16' 
Table 29 
Effect of varying concentration of endosulfan on the 
growth and development of Alfalfa Plant 
Observations 
Concentration of added endosulfan (mg kg'^  soil) 
0.0 10.0 20.0 30.0 40.0 
Shoot length (cm) 36.0 24.0 18.2 13.2 5.1 
Root length (cm) 16.0 12.0 11.0 10.0 7.0 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
No. of leaves/plant 
Germination (%) 
6.0 
1.7 
30.0 
89.4 
4.2 
1.0 
20.0 
79.2 
3.2 
0.82 
16.0 
76.0 
2.1 
0.51 
12.0 
60.0 
1.0 
0.20 
10.0 
58.2 
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Table 30 
Effect of varying concentration of endosuifan on the 
nutrient concentration of Barley Plant 
Nutrient concentration 
Concentration 
of added 
endosuifan 
(mg kg"^  soil) 
0.0 
10.0 
20.0 
30.0 
40.0 
Ca 
0.96 
1.12 
0.98 
0.51 
0.32 
Mg 
0.38 
0.56 
0.46 
0.40 
0.24 
% 
P 
0.22 
0.49 
0.39 
0.28 
0.13 
K 
1.26 
1.43 
1.36 
1.28 
1.11 
Mn 
30.0 
48.0 
35.0 
29.0 
21.0 
ppm 
Cu 
8.0 
15.0 
9.0 
7.0 
3.0 
Zn 
28.0 
35.0 
32.0 
20.0 
14.0 
Co 
0.18 
0.36 
0.25 
0.20 
0.12 
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Table 31 
Effect of varying concentration of endosuifan on the 
nutrient concentration of Alfalfa Plant 
Nutrient concentration 
Concentration 
of added 
endosuifan 
(mg kg'^  soil) 
0.0 
10.0 
20.0 
30.0 
40.0 
Ca 
1.32 
1.20 
1.11 
0.98 
0.87 
Mg 
0.46 
0.43 
0.38 
0.31 
0.23 
% 
P 
0.40 
0.35 
0.20 
0.23 
0.16 
K 
2.30 
2.26 
2.08 
1.60 
1.20 
Mn 
26.3 
18.4 
12.1 
8.2 
6.5 
ppm 
Cu 
5.3 
4.3 
3.2 
2.1 
1.8 
Zn 
30.0 
25.0 
18.0 
13.0 
10.0 
Co 
0.20 
0.17 
0.12 
0.10 
0.06 
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Physiological parameters show in (Table 28 and Fig. 13) a better 
response in regards to seed germination, fresh and dry shoot 
weight, root and shoot length and number of leaves per plant up to a 
concentration of endosulfan of (10 mg kg""" soil) and there after a 
phytotoxic behaviour was noticed. 
The results from the vide table 31 of Alfalfa grown on 
endosulfan amended soil indicate that Ca, Mg, P, K, Mn, Cu, Zn and 
Co uptake were found to decrease throughout the entire range of the 
study. Thus, the application of varying quantities of endosulfan in a 
series of pot experiments revealed that it Is phytotoxic even at lower 
concentration with regards to seed germination, growth and nutrient 
uptake of alfalfa plant (Fig. 14 and 16). The effect becomes more 
severe with increasing levels of endosulfan. The phytotoxic effect on 
seed germination, growth and nutrient uptake of alfalfa might be due 
to the toxic effect on Rhizobium spp., phosphate solubil izing micro 
organism and other soil micro organisms (Domesch, 1984; 
Rodriguez and Fraga, 1999). It may be due to the inhibition in 
number of nodules, lateral roots in nodulating legumes and 
micorrhizal symbiosis (Aliasgharzadeh et al. , 2001) responsible in 
altering the growth and activity of nitrifying bacteria viz. 
nitrosomonas and nitrobactor responsible for converting NH4-N to 
NO2-N and NO3-N usable by plants (Lee and Wani, 1989). The 
nutrients uptake by alfalfa (Medlcago sativa) was found to be in the 
sequence of K>Ca>Mg>P in case of macronutrients while for 
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micronutrients was Zn>Mn>Cu>Co throughout the entire range of 
study. Thus, the doses of endosulfan could be assessed on crop 
wise basis through scientific manner to avoid the soil pollution as 
also indicated by the work of Khan & Singh, 1996 for lentil and 
linseed crops. 
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INFLUENCE OF SOME CHEMICAL FERTILIZERS ON THE 
MOBILITY OF TRACE METALS THROUGH SOIL 
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ABSTRACT 
The influence of some chemical fertilizers (30ppm) such as ammonium nitrate, calcium rtitrate, 
sodium nitrate, potassium nitrate, urea, ammonium sulphate, ammonium chloride, ammonium 
phosphate and distilled water as developer on the mobility of some trace metals such as zinc, cobalt, 
copper, lead and silver through soil amended with fly ash (FA) was measured by using soil thin layer 
chromatography. The soil amended with varying amounts of FA (0 to 8 gm Kg"' soil) was used as 
static phase on soil TLC plates. The trend in the mobility of trace metal ions was found to be greatly 
influenced on the nature of chemical fertilizers and follow the respective mobility orders: Ag> Zn> 
Cu> Fb> Co; Zn> Co> Cu> Ag> Pb; Zn > Co> Cu> Pb> Ag; Zn> Co> Ag> Pb> Cu and Coi> Ag > Zn> 
Cu> Pb in cases of fertilizers associated with nitrate, sulphate, chloride, phosphate and urea or 
distilled water as a mobile phase. The mobility of ions tend to decrease with the increasing doses of 
FA throughout the entire range of their study. 
KEY WORDS : Chemical Fertilizers, Trace metals. Mobility, Soil thin layer Chromatography, Fly 
Ash. 
INTRODUCTION 
The use of fly ash (FA) as a source of macro arid 
micronutrients (Mishra and Shukla, 1986; Plank 1974; 
Andoyumpei et ah 1986; Sims et al. 1995. Majumdar 
and Mukherjee 1983.) has been still a topic of 
research. Since it is contaminated with some toxic 
trace metals, harmful for human being, animals 
(Gupta and Gupta 1998) and soil microorganisms 
(Pitchel and Hays 1990; Pitchel 1990) that are 
responsible for the maintenance of soil fertility in 
agricultToral lands. The study of the trace metals in 
agriculture is important as they get introduced in soils 
through various sources such as industrial wastes and 
waste water, automobile exhaust, poor grade rock 
phosphate etc. that are posing a grave and alarming 
concern as soil pollutants. (Mortvedt 1996) from 
inhabi tant hea l th ' s point of view since they 
ultimately reach to them through food chains and 
dririking water (Waage Petersen and Kofod 1991). 
Among the trace metals Cu and Zn are micronu-
trients (Ulysses 1979; Dinauried 1972) useful for the 
healthy growth of plants and arumals. Co is also re-
garded as essential element for animals health 
(Trivedy and Goel 1986) while Ag and Pb are regard-
ed as phytotoxic metals (Dijkshoor et al, 1979) and 
injurious for animals (Underwood 1971). The mobil-
ity determination of trace metals through soil is im-
portant as it provides a scientific data for their avail-
ability to plants (Khan and Khan 1983) and are help-
ful in tackhng pollutional problems posed by these 
metals in agricultural soils. Hence, it was thought 
worthwhile to study the role of some commonly used 
chemical fertilizers such as ammonitmi nitrate, cal-
cium nitrate, sodium nitrate, potassium rutrate, urea, 
ammonium chloride, ammonium sulphate and am-
monium phosphate on the mobility of certain trace 
metals such as Cu, Co, Zn, Pb, and Ag through soil 
amended with FA. 
MATERIAL AND METHODS 
A surface soil sample of Hirapur fine sandy loam 
242 KHAN ETAL. 
(0-30 cm) was collected from "Aligarh Muslim 
University" agriculture farm for the study. The 
physiochemical properties of the soil were as follows: 
sand, 60%, silt, 2y.5%; clay, 13.5%; organic matter, 
0.48%; pH, 8.8; (1:2.5 soil: water); EC, 4.8 x 10^ mhos/ 
cm^; CEC, 16.3 m.eq. 1(X) gm' ; Exchangeable Ca, 3.5; 
Mg, 1.3; Na, 1.0; K, 0.25 meq.lOO gm"' soil. For the 
study, the soil was dried, grounded and passed 
through a 100 mesh sieve to get an uniform particle 
size and then mixed with varying amounts of FA 0, 
2,4,6 and 8 gm kg"^  soil. It was slurried with distilled 
water and coated on the glass plates (20 x 4 cm) with 
the help of the TLC applicator to give an uniform 
layer of 0.5 mm thickness of soil in each case. The 
plates were air dried at room temperature 30±3'<!. 
Two lines were scribed on the plates at 4 and 14 cm 
from the base so that a 10cm distance could be used 
for the development in the study. An aquenous 
solution of the respective (O.IM) trace metal rutrate 
was spotted at the base line of soil TLC plate as a 
single spot (0.006 nd) with the help of micropipette. 
The plates were wrapped with a wet strip of filter 
paper at the bottom of the plates (about 2.5 an) to 
prevent disintegration of the soil and then developed 
with distilled water and various solutions of chemical 
fertilizers (30 ppm) in closed glass jars. The developed 
plates were air dried at room temperature (30"C) and 
the trace metal ions of Co, Cu, Pb, Zn and Ag were 
detected by spraying 0.5% (W/V) ethanolic solution 
of haemotoxylin. Copper, cobalt, lead and silver ions 
gave a violet while zinc a brick red coloured spots that 
remain stable for several hours. The trace metals 
mobility was measured by using relationship, 
1 VT. 
Where 
Rf = 
V T T 
10 
is the average of leading and 
tailing distance from the base line. 
RESULTS AND DISCUSSION 
The mobility (R^  values) of trace metals (Fig. 1) 
through soil when water is used as a mobile phase 
and Vi^ ith increasing doses of FA follows the order: 
Co>Ag> Zn>Cu>Pb that are in accordance with 
reverse order of their hydrated ion size (table 1). 
These ions may exist in their hydrated form as (M(H 
jO) n + X, where n = valancy of metals and x = 
number of water molecules) in alkaline medium 
(Schruzer and Ghos, 1982) at soil pH 8.8. Since the 
smaller size exert greater force of attraction with the 
adsorptive sites of the soil surfaces resulting to follow 
the mobility trend. However, the mobility of trace 
metals decreased on inceasing concentration of FA. 
This decrease is attributed due to the enhanced 
adsorptive sites created by increased doses of free 
carbon present in the FA. 
The effect of chemical fertilizers on the mobility 
of trace metals seemed to be governed by the nature 
of the chemical fertilizers used in soil. The role of 
these chemical fertilizers on the mobilities of trace 
metals could be explained on the basis of the 
following mechanisms. The chemical fertilizers in soil 
Table 1. Some Characteristics of Trace Metals and Fertilizers 
Trace 
metals 
Lead 
Copper 
Zinc 
Silver 
Cobalt 
Hydrated 
ion* size 
pa rame te r 
7.51 . 
6.03 
4.36 
2.30 
1.80 
Metal 
Nitrate 
52.3 
55.2 
56.1 
69.5 
49.75 
Solubilities of metal ions** 
in gm lOOgm' water at 20"C 
Metal 
Sulphate 
0.00427 
• 16.22 
61.8 
0.79 
26.5 
Metal 
Piiosphate 
0.0000135 
insoluble 
0.00145 
0.000644 
0.00055 
Metal 
Chloride 
0.999 
1.52 
78.6 
0.000155 
34.6 
Fertilizers 
Amonium Nitrate 
Calcium Nitrate 
Urea 
Sodium Nitrate 
Amonium Sulphate 
Ammonium Chloride 
Potassium Nitrate 
Potassium Nitrate 
Ammonium Phosphate 
Solubility of 
fertilizers in 
gm water 
at25"C 
124.2 
199 
121 
92.1 
75.8 
39.3 
37.3 
37.3 
26.1 
• Preiser and fernando 1966; Atherton Seidell 1940. 
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medium exist as: 
(i) NH^NOj -> N H / + NO," 
(ii) Ca{NO^\ -^ Ca^* + ZNO^j 
(iii) N H p - ^ N H / + C r 
(iv) ( N H J , S 0 , - ^ 2 N H ; + S 0 / -
(v) NaN03-^Na* + NO''3 
(vi) KNOj^K^+NO'j 
(vii) CO(NH^)2 + 4H,0 -> 2 N H p H + H^COj 
(viii) (NH,)3PO,-^ 3 N H ; + PO^; 
The above reactions clearly indicate the presence 
of NH^, Na% K\ Ca^^ as cations and N O j , CI", SCF"^ , 
PO*"^  as anions in soil medium. Thus, these ions could 
be regarded to play a dominant role in deciding the 
mobility of trace metals in FA amended soil. The 
greater mobility of trace metal ions in case of chemical 
fertilizers with respect to water as a mobile phase can 
be attributed due to the blocking of adsorptive site 
by the above cations released by chemical fertilizers 
on the basis of their relative binding strength on the 
soil surfaces in the order Ca'*>K+ = NH* > Na* 
4 
(Brady 1995) and the solubility of trace metal salts 
(table 1) wi th their anions. Thus, in cases of 
ammonium, calcium, sodium and potassium used as 
nitrates follow the mobility order: Ag>Zn>Cu>Pb> 
Co and governed in the sequence of the solubility of 
metal ni trates whereas the use of ammonium 
sulphate, ammonium chloride and ammonium 
phosphate as a mobile phase liave shown the mobility 
orders: Zn> Co> Cu> Ag> Pb; Zn>Co>Cu>Pb>Ag 
and Zn>Co>Ag>Pb>Cu in the respective cases 
(figure 1) and have followed the trend in the sequence 
of their solubility of metal sulphates, metal chlorides 
and metal phospha tes . Thus, the influence of 
chemical fertilizers on the translocation of trace 
metals behave in the order: NH^N03> Ca(N03)2> 
(NH,)^ Co> (NH,), SO^>NH, a > KNOp. (NH^)^ PO, 
which is in accordance with their solubility (table 1). 
In case of urea as fertilizer the metal ior\s follow the 
sequence of their hydra ted ions size parameters and 
have revealed the siniilar trend as in case of distilled 
water. Thus, a combined effect of the solubility and 
the relative blocking tendency of the ions released 
from the chemical fertilizers could be considered as 
a key factor in deciding the trace metals movement 
through soil amended with FA. 
REFERENCES 
Andoyumpei, Nakajime Jungi, Uzawa, Masami Nangano and Yoyi 
1986. Basic study on fly ash for fertilizer use. Nippon Dojo 
Hiyogaku Zasshi. 57(4): 391-394. 
Atherton Seidell 1940. Solubilities of inorganic and metal organic 
compounds. Van Nostrand Company Inc. 250 4'*' Avenue, 
New York. 
Dinauer (ed.), R.C. 1972. Miaonutrients in Agriculture Soil Sdence 
Society of America, Madison, Wis, 666 p. 
Diikshoom,W. Van Broekhoven, LW. and Lambe.J.EM. 1979. 
Hiytotoxid^ of Zh, Ni, Cd, Pb, Cu and Ci in ^ ree pasture phnt 
spedes supplied wth graduated amount from the soil Nedi. 
AgricSci. 27: 241-253 
Preiser, H. and Fernando, Q. 1966. Ionic Equilibria in Analytjcal 
Chemistfy, New York. 
Gupta, Umesh C. and Gupta, Subhash C. 1998. Trace elements 
toxicity relationship to crop production, live stock and 
human health. Impkmons for management Soil Sdence plant 
ana()^is. 29 (11-14), 1491-1522. 
Khan, S. and Khan, N.N. 1983. Influence of lead and cadmium 
on the grov/th and nutrient concentration of tomato 
(Lycopersicum esculentum) and egg plant (solanum 
melongena) Plant and soil 74 : 387-394. 
Majumdar A. and Mukherjee, S.N. 1983. Trace elements in Indian 
fly ash. Fuel Sd. Technol, 2 : 80-81. 
Mishra, LC. and Shukhia, K.N. 1986. Effect of fly ash deposition 
on grovirth metabolic and dry matter production of maize 
and soya bean. Environ. Pollut (Series A) 41: 1-13. 
Mortvedt, J.J. 1996. Heavy metal contaminants inorganic and 
organic fertilizers. Fert Res. 43 (I -3); 55-61, 
Nyle, C. Brady 1995. Nature and properties of soils. Fundarnental 
of layer silicate clay structure. (183-184) 
Pitchel, J,R 1990. Microbial respiration in fly ash/sewage sludge 
amended soil. Environ. Pollut 63(3): 225-237. 
Pitchel, J,R. and Hays, J.M. / 990. Influence of fly ash on soil mi-
crobial activity and ftollution/ Environ. Qual. 19: 593-597. 
Plank, Carl O. 1974. Effect of fly ash application on the nutrient 
supplying capacity of soils, crops yield and chemical 
properties of displayed soil solutions Diss. Abstr. Int. B 34 
(9): 4156-4157. 
Sims, J.T.; Vasilas, B.L.; Ghodrati, M; 1995. Evaluation of fly ash 
as a soil amendment for the Atlantic Coastal Plain II soil 
chemical properties and crop growth. Water, Air, Soil Pollut 
81(3-4): 363-72. 
Trivedi R.K. and Goel P.K. 1986. Chemical and Biological methods 
for water pollution studies. Environmental Publications, 
Karad, India. 
Ulysses, S. Jones 1979. Fertilizers and Soil FertiHty Publishing Co. Inc. 
Reston, VA, pp. 
Underwood, E.J. 1971. Trace etements in human and animal 
nutrition. 2"' edn. New York. Academic Press. 
Waage Peterson, J. and Kofod J. 1991. Research with Coal fly 
ash as a soil amendment in Denmark. Inc Ash use Symp. 
9th GS-7162, 3:58/1-58/14. 
Ecol Env. & Cons. 8 (1): 2002; pp. (47-50) 
Copyright© Enviromedia 
Effect of Flyash on the Growth, Development and 
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ABSTRACT 
A green house experiment was conducted to evaluate the effect of flyash (FA) on the growth, development and 
metal ions uptake by Board bean (Vicia faba) and Chilli (Capsicum frutescens) plants.The results indicated that the 
lower doses of FA upto 15 gm Kg' soil had a beneficial effect with regards to growth, development and nutrient up-
take by both the plants grown in FA amended soil.At higher doses beyond this dose posed a significant phytotoxic effect 
with the increasing concentration of FA.The phytotoxic behaviour at higher levels of FA was due to the hindrance 
posed by toxic heavy metals such as Cr. Pb, Cd and Ni in their higher uptake by both the plants resulting an inhibi-
tory trend in the utilization of nutrient metal cations such as Ca, Mg, Na, K, Mn, Cu, Fe and Co through out the en-
tire range of study. 
Key words : Flyash, Broad bean. Chilli, Nutrients uptake. 
Introduction 
To broaden ai\d enlarge the scope for utilizing the 
flyash as source of major and micronutrients in 
agricultural production has been one of the trust 
area of research in recent years (Selvakumari et al., 
2000 Singh et al, 1991; Sarangi and Mishra 1998; 
Schumann and Summer, 1999; Das et al, 2000) due 
to their huge availability at a through - away price 
ill India. A large number of research papers dealing 
with various aspects of FA in relation to soil 
behaviour such as porosity (Saxena et ah, 1998), 
changes in physico-chemical properties (Khan et al._ 
1996; Sahu and Kar. 1998; Khandkar et al., 1999; 
Menzies and Aitken, 1996) and micronutrient stahis 
of the soil (Saxena et al, 1997; Page et al, 1979) and 
its pollutioiial aspects (Chandra, 1997; Sikka and 
Km-isal, 1994; Sripriya et al, 1998; Kim et al, 1994) as 
well as its effect on bioactivity (Pitchel and Hays, 
1990; Pitchel., 1990) in soils are reported. However, 
its in role in the utilization of trace metal cations 
such as Ca. Mg, Na, K. Mn, Cu, Zn, Fe and Co as 
plant nutrients and Cr, Pb, Cd, Ni as non-essential 
toxic metals in plant growth is limited in literature. 
It was therefore thought worthwhile to study the 
role of FA in the growth, development and metal 
nutrients uptake by two important vegetable crops 
viz. Board been (Vicia faba) and Chilli [Capsicum 
frutescens) under Indian environmental conditions. 
Materials and Methods 
The soil sample (0-30 cm) used in these investiga-
tions was Hirapur fine sandy loam collected from 
cultivated land of Aligarh district and flyash was 
from Kasimpur Thermal Power Plant situated in 
Aligarh district (U.P.) India. The soil arid FA samples 
were air dried at room temperature (30 ± S'^ C), 
crushed and sieved through a 100 mesh sieve 
(B.S.S.). The physico-chemical properties of the soil 
and FA were: 
Soil : Sand 61%, Silt 25% and clay 14% (Piper 
1950), pH 8.5 (1.5 soil water ratio). Electrical conduc-
tivity (EC) 0.683 dSm-' , organic matter 0.41% 
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(Walkley and Black, 1947), CEC 16.3 cmol (p* ) Kg-' 
soil, exchangeable Na ' 1.0 , K" 0.5, Ca"" 3.5, and 
Mg^* 1.2 cmol (p*) Kg •' soil (Jackson, 1958). Avail-
able NH^ * - N 36.40, NO3 - N 28.0, NO^ - N 7.20 
(Hesse, 1971), P 35.0 (Oisen, 1954), Cu^ "^  1.18, ZN^^ 
1.29 Fe =- 5.8, Mn^* 1.69, Co 3.2, Pb 0.39, Cr 0.42, Cd 
0.28 and Ni 0.36 mgKg-' soil (Lindsay and Norvell, 
1978) 
FA : pH 6.57, EC 7.07 dSm"'. Available Na* 105, 
Ca=* 172, Mg2* 142. Fe=* 6.3 Mn-* 2.20, Cu '^* 1.65, Zn^ 
nA, Co'*3.6, Pb 3.9, Cr 2.8, Cd 4.28 and M 2.71 mg 
Kg Mg'FA (The estimation done by using similar 
methods of soil analysis). For pot experiments, 
varying amounts 0 (control), 5,10,15, 20, 25, 30 and 
35 gm of FA were thoroughly mixed with one Kg 
soil and taken in each earthenware pots (15 cm 
diameter x 15 cm deep) which were percolated 
internally with coaltar to prevent the nutr ients 
absorption. Three replications of each treatment 
were used. The pots were stored in a glass house 
maintained at 25 + 3 by taking care to regulate the 
moisture content of the soil to about 60% of its water 
holding capacity by add ing distil led water 
whenever necessary. 
Out of the certified seeds of broad bean and chilli 
procured from Chola Beej Bhandar near Roadways 
Bus Stand Aligarh, ten seeds were sown in each pot 
containiiig FA amended soils and ultimately thinned 
and allowed to grow for a total period of 90 days. 
Before they were taken for analysis. The physical pa-
rameters such as number of leaves, shoot and root 
length, fresh and dry shoots weight were examined 
(Table 1). The results of plant emalysis were recorded 
ill Tables 2 and 3 to ascertain the trace metals ab-
sorption by the plants (Tandon, 1993). 
One gm of the air dried and grounded plant 
sample was digested in 10 ml acid mixture 
containing H N O . : HCIO^ (4:1). The digestion 
mixture was heated over a hot plate till brown fume 
creases and converted to a syrupy liquid along with 
some white fumes. It was dissolved in 5 ml HCI 
(Cone.) and diluted with distilled water and filtered. 
Table 1. Effect of Flyash on the Growth and Development of Broad Bean (Vicia faba) and Chilli (Capsicum frutescens) 
Plants 
wuDci V aiions 
Shoot height (cm) 
Root length (cm) 
Shoot fresh weight 
(gm/plant) 
Shoot drv' weight (gm/plant) 
No. of leaves / plant 
Germination (%) 
Shoot height (cm.) 
Root length (cm) 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
No. of leaves/plant 
Germination (%) 
0.0 
29.0 
7.5 
8.3 
3.5 
9.0 
85.0 _ 
28.0 
6.0 
12.0 
5.0 
11 
82.0 
Doses of FA added 
5.0 
35.0 
10,0 
12,6 
4,5 
13.0 
86.0 
33.0 
8.0 
18.0 
7.0 
13.0 
85.0 
10.0 
(gm kg' 
15.0 
Broad Bean 
39.0 
11.0 
18.5 
6.3 
14.0 
88.0 
Chilli 
37.0 
9.0 
25.0 
10.0 
16.0 
S^ .O 
42.0 
15.0 
20.0 
8.3 
18.0 
92.0 
40.0 
12.0 
32.0 
13.5 
20.0 
SS.O 
soil) 
20.0 
38.0 
8.0 
14.0 
6.6 
13.0 
84.0 -
36.0 
10.0 
11.0 
4.; 
13.0 
81.0 
25.0 
29.0 
6.0 
13.5 
4.3 
11.0 
80.0 
27.0 
8.0 
10.0 
4.0 
11.0 
81.0 
30.0 
25.0 
5.0 
8.0 
2.9 
8.0 
78.0 
23.0 
6.0 
7.0 
3.7 
7.0 
72.0 
35.0 
21.0 
5.0 
6.1 
2.7 
5.0 
76.0 
19.0 
5.0 
5.0 
2.6 
5.0 
70.0 
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Doses of FA 
added 
gm Kg' Soil 
0.0 
5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
Table 3. Effect of 
Doses of FA 
added 
gm Kg' Soil 
0.0 
5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
Ca 
0.86 
0.94 
0.97 
1.03 
0.98 
0.65 
0.63 
0.60 
Flyash 
Ca 
1.03 
1.08 
1.30 
1.38 
1.20 
1.10 
0.89 
0.71 
/o 
Mg 
0.24 
0.37 
0.54 
0.56 
0.48 
0.46 
0.38 
0.28 
Na 
0.96 
1.03 
1.10 
1.30 
1.00 
0.90 
0.80 
0.75 
K 
0.98 
1.40 
1.53 
1.30 
1.02 
0.98 
0.90 
0.87 
Metal 
Mn 
20.0 
23.0 
29.0 
34.0 
24.0 
20.0 
19.0 
16.0 
ions uptake 
Cu 
4.3 
4.6 
5.1 
6.3 
5.9 
4.7 
4.1 
3.5 
Zn 
20.0 
22.0 
23.0 
25.0 
23.0 
19.0 
16.0 
14.0 
Fe 
36.0 
40.0 
50.0 
65.0 
50.0 
46.0 
43.0 
31.0 
ppm 
Co 
4.0 
4.5 
4.5 
4.7 
4.8 
5.0 
5.4 
5.7 
Cr 
0.95 
1.05 
1.12 
1.46 
1.49 
1.71 
1.97 
2.07 
on the Metal Ions Uptake by Chilli (Capsicum frutescens) Plant 
Mg 
0.70 
0.95 
1.10 
1.21 
1.08 
0.91 
0.75 
0.59 
% 
Na 
1.55 
1.85 
1.95 
2.20 
2.02 
1.81 
1.53 
1.38 
K 
C.95 
1.45 
1.55 
1.68 
1.31 
1.22 
0.97 
0.89 
Metal 
Mn 
35.0 
38.0 
49.0 
52.0 
46.0 
41.0 
33.0 
27.0 
ions 
Cu 
6.5 
7.3 
7.8 
8.6 
7.9 
7.1 
6.4 
6.0 
uptake 
Zn 
22.0 
23.0 
29.7 
33.2 
29.9 
27.2 
24.4 
22.8 
Fe 
32.0 
48.0 
70.0 
81.0 
61.0 
46.0 
35.0 
26.0 
ppm 
Co 
2.3 
2.5 
2.7 
2.9 
3.2 
3.3 
3.4 
3.6 
Cr 
0.26 
0.34 
0.46 
0.53 
0.93 
1.11 
1.38 
1.71 
Pb 
0.55 
0.58 
0.63 
0.74 
0.78 
1.06 
1.26 
1.38 
Pb 
0.60 
0.68 
0.72 
0.86 
0,98 
1.10 
1.80 
2.90 
Cd 
0.60 
0.90 
1.30 
1.50 
1.80 
1.90 
2.10 
2.40 
Cd 
0.75 
1.06 
1.58 
1.62 
1.80 
2.00 
2.23 
2.56 
Ni 
0.20 
0.25 
0.26 
0.76 
0.87 
1.32 
1.44 
1.52 
Ni 
0.21 
0.26 
0.38 
0.49 
0.64 
0.85 
1.25 
1.48 
The filtrate was adjusted to a volume of 50 ml in 
each case. The solutions thus obtained were used for 
the estimation of plant nutrients. The Na and K 
were est imated by using "Systronics" flame 
photometer. The amounts of Ca plus Mg were 
estimated by versenate (EDTA) titration using buffer 
solution (pH-10) and er iochrome black " T " 
indicator. While, the amount of Ca was estimated by 
EDTA titration by using mureoxide indicator 
(Jackson, 1958). The amount of Mg was then 
calculated by subtracting the values of Ca from the 
values of Ca plus Mg. The amount of Mn, Cu, Zn, 
Fe, Co, Cr, Pb, Ce, and Ni was estimated by G.B.C. 
902 double beam atomic absorption spectroph-
otometer. 
Results and Discussion 
The effect of FA on the growth, development and 
seed germination of Broad bean (Vicia fabs) and 
Chilli (Capsicum frutescens) plants are given in 
Table 1. The results on metal uptake vide Tables 2 
and 3 indicate a beneficial effect of FA at lower doses 
upto 15 gm Fa kg'' soil with respect to control (Soil 
without FA) in both the cases . Thereafter a harmful 
phytotoxic effect was noticed. The beneficial trend is 
due to the enhanced supply of available nutrients 
from the soil amended with FA (Elsewi et. ah, 1980). 
The release of available nutrients and their uptake 
from the FA amended soil may be considered due to 
the enhanced microbial/chemical acti\'ities respon-
sible in their release along with toxic metals that re-
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main under their non-phytotoxic limits (Khan et. ai, 
1996). The harmful effect after a dose of 15 gm FA 
kg'^  soil may be due to the greater availabilities and 
uptake to toxic heavy metals such as Cr, Pb, Cd and 
Ni resulting an inhibitory trend in nutrient metals 
absorption by the plants. The highest uptake of vari-
ous nutrient metal ions by Broad bean (Vicia faba) 
was found to be in the increasing trend for K, Na, 
Ca, Mg, Fe, Mn, Zn, Cu and Co up to a doses of 15 
gm FA kg"' soil. Whereas Pb, Cr, Cd and Ni followed 
the increasing trend in their uptake throughout the 
entire range of amendments. Physiological param-
eters show a better response in regards to seed ger-
mination, fresh and dry shoot weight, root and shoot 
length and number of leaves per plant up to a doses 
of 15 gm FA Kg"^  soil. The stunt growth for the plants 
at reduced bioactivity posed by the presence of 
higher levels of toxic heavy metals associated by the 
increasing concentrations of FA (Pitchel, 1990) might 
be the plausible explanation. 
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ABSTRACT 
The application of varj'ing doses (0-100 ppm) of Ni-HA and (0-600 ppm) of Cr-HA complexes were 
found to influence the availability of major nutrients (NPK) i.e., NH* - N, NO^-N and NO^-N; P and K in 
soils. The availability of NH*- N and NO;-N was found to increase with the increasing doses upto 50 
ppm for Ni-HA and upto 300 ppm for Cr-HA complexes with respect to control and attained to their 
maximum levels in 21/28 days beyond which they tend to decline. However, the amount of available 
NO^-N and K showed an increasing trend throughout the entire range of their study. The toxic effect on 
the availability of these nutrients by metal humates followed the order Ni-HA>Cr-HA. The results have 
been explained on the basis of changes in chemical and microbial activities in soils. 
INTRODUCTION 
Application of sewage sludge, industrial wastes 
and waste water to the agricultural soils ha\'e 
generated pollutional problems as they contain 
many toxic heavy metals. Heavy metals have 
gained considerable importance because of their 
active participation in many metabolic reactions as 
well as their inhibitory role in the nutrient 
utilization by plants (Khan and Khan, 1983). 
Humic acid, a fraction of soil organic matter 
(SOM), forms stable complexes with heavy metals, 
by virtue of the presence of many active sites 
in\-olving N, S and O atoms. The presence of these 
complexed metals have also revealed to show a 
stimulating effect on the microbial activities which 
in turn, affect the nutrients availability in soil 
(Zibilske and Wagner, 1982). 
Tyler et al. (1974) have reported that the 
presence of heavy metals in soil rich in organic 
matter has resulted in stimulating tendencies in 
the process of nitrification as well as in the 
availability of P and K in soil. Hpwever, the 
specific role played by Ni-and Cr-HA complexes 
in altering the soil nutrient status is lacking in 
literature. Therefore, it was considered worthwhile 
to investigate the influence of these metal-humates 
e.g., Ni-and Cr-HA complexes on the availability 
of major plant nutrients (NPK) in soils with a view 
to assess their role in creating pollutional problems 
in regards to soil fertility and plant nutrition. 
MATERIAL AND METHODS 
Soil used in these investigations was Hirapur fine 
sandy loam, collected from the cultivated lands of 
Aligarh district (U. P.) from a depth of 0-30 cm. 
The soil sample was dried crushed and sieved. The 
physico-chemical characteristics of the soil were : 
sand, 61% Silt, 25% and Clay, 14% (Piper 1950), pH 
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8.8 (1:2.5 soil: water ratio); Organic matter, 0.41% 
(Walkley ai^d Black, 1947); CEC, 7.3 meq 100 gm-i; 
Exchangeable Na^ 1.0; K^ 0.5; Ca-^ 3.5 and Mg^^ 
1.2 meq 100 gm"' soil (Jackson, 1958), Available 
N H / - N , 52.0; N O ' - N , 6.0; NO3-N, 40.0 (Hesse, 
1971), P, 25.0 (Olsen 1954) and K, 76.0 mg Kg"' soil. 
The soil organic matter (SOM) was extracted by 
treating the soil with 0.1 N NaOH + 0.5N Na^CO, 
mixture at 80°C (Dasai and Ganguly, 1979). The 
SOM was then fractionated in humic acid (HA) 
and fulvic acid (F. A.). The HA fraction was 
purified by using the technique of electrodialysis. 
The Ni-and Cr-HA complexes were prepared by 
treating with their respective chloride salt (O.IM) 
solution with 1% humic acid. (McBride, 1978). The 
crystals of these complexes were obtained by 
keeping the mixture over night. They were filtered, 
washed with double distilled water, oven dried at 
25 ± 1°C and kept in a closed bottles for the 
experimental work. 
The experiments were conducted in earthen 
pots (15 X 15 cm) which were cleaned and coated 
with coaltar to prevent the absorption of plant 
nutrients. One kg of respective amended soil 
having varying levels of 0.0 (Control), 25, 50, 75 
and 100 ppm in case of Ni-HA and 0.0 (Control), 
75, 150, 300 and 600 ppm for Cr-HA complexes, 
were taken in each pot with three replications. The 
requisite amounts of the Ni-HA and Cr-HA 
complexes were thoroughly mixed into the soil. 
The experiment was carried out under similar 
conditions of temperature at 25 ± 1°C and 
maintaining soil moisture level up to 60% of their 
water holding capacity. The soil samples were 
drawn up periodically by a soil sampler at a 
regular interval of 7 days and analysed for the 
available major nutrients (NPK). 
RESULTS AND DISCUSSION 
Fig. 1 show that the varying doses of Ni-HA and 
Cr-HA and their incubation period had a marked 
influence on the availability of major nutrients 
(NPK) in soil. At lower concentrations, upto 50. 
ppm in case of Ni-HA and upto 300 ppm of Cr-
HA, the availability of N H ^ - N and N O " - N is 
found to increase beyond which they tend to 
decline with respect to control and attained a 
maximum level upto a period of 21/28 days as 
shown in Fig. 1 (a/a; b / b ) . Their availability in 
regards to their respective concentrations followed 
the order : 50 >25 >0 (control) >75 >100 ppm for 
Ni-HA and 300 >150 >75 >0 (Control) >600 ppm 
for Cr-HA complexes indicating their tolerance 
limits upto 50 and 300 ppm for maintaining soil 
fertility status. Thus, the toxic effect of these metal 
humates in soil medium followed the order : Ni-
HA > Cr-HA which are in the general agreement 
of earlier workers (Leaper, 1978). The increased 
availabiUty of NH*^- N and NO^ - N upto these 
non toxic levels may be regarded due to the greater 
involvement of soil microorganisms responsible in 
decomposing and converting non available-N 
from the nitrogen containing organic compounds 
into inorganic NH^ as the main product as shown 
by: 
RCH (NHj) CCX3H + H p -
Amino acid 
-^ RCH, OH+NH,+CO, 
RCONHj+Hp — 
Amide 
2NH3+CO^+Hp-
-^NHj+COj 
-^(NH^^CG, 
Ammonium carbonate 
The increased availability of NH*-N and their 
simultaneous gradual oxidation into N O ' - N with 
the active involvement of nitrifying bacteria such 
as Nitrosomonas spp. responsible in its conversion 
process can not be ruled out. The decrease in 
concentration of N H * - N and N O : - N could be 4 2 
attributed to the depletion of their accumulated 
concentration by the enl\ancement in its 
availability throughout the entire range of study 
upto 7 weeks. Fig. 1 (c/c') and are shown by 
Nitrosomonas spp. 
N H ; + 2[0] > N O ; + H V Energy. 
Nitrobacter spp. 
NOj + [O] > N O ; + Energy. 
Fig. 1 (d/d ' ) indicate a significant increase in the 
availability of phosphorus (P) with the increasing 
concentrations upto 50 ppm and 300 ppm for Ni-
HA and Cr-HA concentration beyond which they 
tend to decline with respect to control and attained 
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the maximum at 28/35 days. The higher CajCPO )^^  + 6COj + 6H^O-
availability with applied 50 ppm and 300 ppm Q^ ,pQ % + 3 H s + 60 
may have been due to increased microbial 
-> 2H3PO,+2Ca (HCO3), 
-> 2H PO,+3CaSO, 
3 4 4 
activities and becomes toxic at their higher 
concentrations. With the passage of time, the 
increased P availability may be corxsidered due to 
the two fold effects of microbial and chemical 
activities. The role of ascomycetes, actinomycetes 
and reintroduced fungus flora, mycorrhizal fungi 
etc., responsible for the decomposition of organic 
matter and capable in releasing the available 
phosphorus along with CO^ and H^S gas (Gray 
and Williams, 1975). The solubilizing effect of 
inorganic non-available phosphorus in to its 
available form is seemed to be the plausible 
explanation for its increase as indicated by : 
The decrease availability at their higher doses 
was possibly due to the bacterial/chemical 
reduction of its available form to unavailable 
phosphene (Singhal et al, 1979). 
H3PO, 
2H 
-HP 
>H3P03-
2H 4H 
-> R P O , > P R 
- H , 0 -2Up 
Fig 1. (e/e') shows a steady increasing trend in 
the available potassium (K) throughout the entire 
range of study. It may be possibly due to its release 
from the alumino silicate minerals caused by the 
solubilizing effects of organic acids produced 
during the biodegradation of SOM coupled in their 
3 
z 
2 
> 
< 
W • Numig q>c<tf cpmptci 
Cr - Humic Qcid ^.omplcx 
• * • -
,; ,... 
to ft f $' 
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release from the exchangeable sites by other 
cations and /o r H* is the possible explanation for 
tills increase. 
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Effect of some organic compounds on the mobility of some trace metals 
through soil amended with fly ash 
.Sarniiilljh Klian'^ , jamal .A.. Khan , R. K. Bhardwaj* and Shapufla Jabin 
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The tHrru. nl <.onu orcanir compounds, vii. formir acid, kcrtic acid, methanol, ethanoi. formaldehyde, acrtaldchyde. acrlum- and 
rrhvi HKihU LfUitic on the mobilitx of some trace metali, viz, Co. Zn. Cu. Kf. and Pb through soil amended with fl> a^ h huvi 
htxn 'tnfi^sutTi in an aU..aiint finf &±ad> iaani seii <rf .-i^aai tsOTd fUJ*.). The rtsuiti indicate dtcrease in the mobilin of 
iraci roclais »ilh increa.sin>; dosage of fh a.«ih in soil but »ith a \>ria«ion in intensity by use of organic cmnpound as a mobik 
phavi Tht m<i>)ilii\ order is Co > Zn > Cu > Ag > !'b in case of orjranic adds and alcohols, and Co > Cu > Zn > \t > I'^  
for alde^ l«de^  and ketones. The efTccl of organic chemicals OD the translocation of metals follows the sequence : formic acid > 
a<flif sod > methanol > acetone > fonnatdehvde > ethil methyl ketone > acetaldehyde > ethanoi. 
"^ -'anous •.vumeiii;. volatile and non-<.olatilc organic cfaoni-
cais are 'ckased m rhe grvuuuiitgm from the indusmes asi 
chemica: latxiratones m appreciable quantities. It has also 
been e^^ e2led in literature that several organic compounds 
such a^  aldehydes, ketones, carboxylic acids, etc. are 
produced in soil as a result of chemical' or biochemical-
dec()mp(> i^iion of organic matter used in agriculture and of 
the crop residues. The\ are found to play an imponant role 
in the irjn l^ocation of plant nutrients as well as toxic me-
tals and their a\ailability" to plants. Higher dosages oi 
these organic chemicals sometimes become fatal to plants 
and ad\ersl\ affect the life processes of soil microor-
ganism. 
Among trace metals Zn. Cu and Co are regarded as 
micronutricnts and are required for the healthy growth of 
plants and animals. Zn" acts as a prosthetic group of an en-
zyme in the con\ersion of ii^'ptophan into indole acetic 
acid, the crovuh promoting horomone. Copper is required 
in certain biological ovidation-reduction systems, whereas 
cobalt Is regarded to be essential for symbiotic N, fixation 
by some raicroorganism and in the synthesis of vitamin B,-. 
needed tor animal health. Silver and lead"* are hazardous 
tor plants, microtlora and soil microorganism-. 
The use of fl\ ash as a source of plant nutrients tried in 
agriculture has become topic of research*". However, scantv 
informaiRW is available in literature on the role of fly ash 
in the iranNlocaiion of trace metals through soil amended 
vviih ii m relation of these soil organics. The present stud\ 
\^as desjgried \Mth a view to ascenain the role of certain or-
ganic ctTOpounds. namely, acetic acid, formic acid. 
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ahanol. methanol, aceialdehyde. formaJdehvde. acetone 
mu eiin! rnethyj ketone on the traisJocanon oi somr trace 
nKiais such as Co. Zn. Cu. .Ag.. and Ph lirrom:'- M.-. 
amended with fly ash. 
Results and Discussion 
It IS evident from Fig. 1 that mobility of trace metals. 
namely. Co. Zn. Cu. .Ac and Pb varies with xaryin;: con-
centration of n_\ ash in soil as ueil as with the naiure o; or-
ganic compounds used ab mobile phase The niobiIi;\ oi 
various metal ions follows the order; Co > Zn > Cu > .Ac > 
Pb. through soil amended with fly ash as a static phase and 
water or given organic acids and alcohols used as mobile 
phase. These results are in close agreements with the v.ork 
of Gaszczyk ei al.'. This order of mobility seems to be in-
versely related to the order of their binding capacity oi 
given ions with the soil colloids*'. The mobiliix order ol 
metal ions in case of aldehydes and ketones follov.s the 
order : Co > Cu > Zn > Ag Pb. which is slightly different 
from the abo\e. The variation in the order ot mobihiie.- be-
tween copper and zinc in the s\ stems ot acids and aLohols 
on one hand and in aldehydes and ketones on the other rPiax 
be attributed to the difference in the rate of their per-
meabilit}' and nature of functional groups present in the 
mobile phases of these systems. The mobility is found to 
decrease with the increasing dosages of fl> ash in soil and 
is airributed to the enhancement in the adsorbing cap.!C!t\ 
caused by the unburn; carbon content (0.6'7f) in fl\ ash" 
The order of organic compounds in the translocation ot 
trace metals through soils is eoverned bv their chemical be-
Khun <•/ III : Efleci of some orpanic compound!, on the mobility of some trace metals through soil amended etc. 
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laviour in soils. These organic compounds indicate the 
nobilit) order in the various soil systems as formic acid > 
iceiic acid > methanol > formaldehyde > ethyl methyl > 
-etone acetaldehyde ethanol. The highest mobility in case 
)f formic acid and acetic acid seems to be governed by 
heir ionizins as well as solubiliang tendencies as revealed 
)> their invert order of pA'^  values. However, in case of 
ilcohols. the mobility metal ions is governed by the 
•nolecular size and the capability of forming the hydrogen 
^ond with the hydrated metal ions in soil of pH 8.4. Thus 
he metal ions move in the order : 
M-"-o 
H-
—OH-CHj 
-OH-CH-. 
Hxitatcd nK;iaI ion<. Hydrated metal ion.s 
iTKrifanol complex. tthand complex 
vhich is the reverse sequence of the molecular weight of 
he gi\en alcohols. 
The motajty of metal ions in case of organic com-
pounds containing carbonyl croups follows the order : 
acetone > formaldehyde > ethyl methyl ketone > acetal-
dehyde. The order of mobility seems to be governed by 
polarity of these compounds in soils. The carbonyl com-
pounds contaiiiing alkyl groups capable of imposing steric 
hindrance also play a decisive role in determining the al-
finity of interaction of metal ions \>. ith these organic com-
pounds used as mobile phase. For example, in case of 
ketones, the mobility of metal ion? is higher in acetone 
than in ethyl methyl ketone since the carbonyl group in 
acetone is sterically less hindered as compared to ethyl 
methyl ketone. Similarly, in aldehydes, the mobility of 
metal ions in formaldehyde is more as compared to acetal-
dehyde due to the steric hindrance posed by the one methy 1 
group attached over the carbony 1 group of acetaldehyde. 
Experimental 
The soil used was an "aerie Halaquept' (fine sandy 
loam) collected from .-Migarh Muslim University, Aligarh 
(U.P.). The physicochemical properties of the soil and fly 
ash were : soil : sand 6 0 ^ . silt 26'7c. clay 14%. organic 
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mjiier'• {)Ay,. pH 8.4 (1 : 2.5. soil : water). E.C. 0,167 
TOTOho c m ' . CEC 16.3 cmol (p*) kg" soil, exchangeable 
N J - id . K- O.rUa--' 3.5 and Mg-* l-.Z cmol (p*) kg-'; Hy 
ash . pH 6.65 (1 : 2.5 FA : water ratioi. E.G. 0.71 mmho 
cm-'-. ;i\ailable NH*-N 30.4, Na,-K :4.80. NO^-N 3.20. 
P 470 and K 198.4 mg kg"* fly ash '.determined by the 
method used in soil analysis)". 
The Noii sample was dried, ground and then passed 
though a UK) meih sieve''^ to make it homogenous. Fly ash 
v«.as added to the soil at the rate of 0. 2.5. 5.0, 7.5, 100. 
12-5 g'kj >oil li vias then thoroughly mixed so as to g d a 
hoTTKvgencHfe mixture in each case. Tie slorry o€ ithc 
amended soil was then prf.pared in distilled water and 
coated on t'lass plates with an imiform layer of 0.5 mm 
thickncis in each case. The plates *ert then air-dried at 
room temperature (30 ±3°) . Two lines were drawn at 4 and 
14 cm from the basexm:4be-plate5o=as to JLUOW dcvck^jcr 
to run :i. Hj^tannf^-nf IO rrm^^ JBisriw^^ CTtHy -ATi^M«fm«:.uaAt--
timi d Co- 7TT Tr, ^ ?prt?:pT-pffi?a- (QiU J ^ « r a e 
Sjlt.HJW* CBi7lfaf4gig—Rwy Tlair Lj<U>fH^  JijaPTJ* n -^a;j^ «w^ j»rTttr f^a*' 
wet filter paper at the bottom and developed by ascending 
chromatography in closed TLC" chamber using distilled 
water and aqueous solution (0.25 hf) of organic com-
pounds. \iz. formic acid, acetic acid, methanol, ethanol. 
formaldehyde, acetaldehyde, acetone and ethyl mcihyl 
ketone as a developer. The developed plates were air-dried 
at W and spots were detected b\ spraying 0.1 (w/v) 
cthanolic solution of haemotoxylin that gave stable violet 
.spots lor Co-". Cu-*. Zn-*, Pb^* and red for Ag+ and the Rt 
values evaluated. 
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Abstract: The mobility of trace metals such as cobalt, zinc, silver, copper and lead was 
measured through soils amended with some surfactants viz., cetyltrimethylammonium 
bromide (CTAB), t-octylphenoxypolyethoxy ethanol (Triton x-100) and sodium dodecyl 
sulphate (SDS) using distilled water as well as organic acid (0.25 M) solutions such as. 
formic, acetic and oxalic acids as a mobile phase. The mobility was found in the order/ 
Co>Zn>Ag>Cu>Pb through natural soil in all the cases. However, the mobility of trace 
metals was found to increase in case of CTAB and Triton x-lOO amended soil systems 
in the order: CTAB>Triton x-lOO throughout the entire range of suifactant amendments. 
On the other hand, the mobility was found to decrease in SDS-soil amended system. The 
result has been explained on the basis of the nature and chemical behaviour of suifactants 
and metal ions in the soil medium. 
Surfactants are one of the major 
components of detergents and household 
cleaning products which are used in high 
amounts. The effective longevity of 
these surfactants cause pollution (Valoras 
et at., 1976) in water and soil which 
affects the growth, development and 
metabolism of soil micro-organisms 
(Kowalezy, 1993; Ribionovich et ai, 
1994; Kozhevin, 1994), plants (Hall, 
1980; Pfleclger, 1990), aquatic animals 
(Lewis, 1991) and -micro-organisms 
(Poremba, 1991). They solubilize non-
polar plant substances such as the waxy 
cuticle or the lipoidal portion of the cell 
wall that facilitate the rapid absoiption 
of the toxic as well as beneficial 
chemicals. They enter into the 
intercellular spaces and thus adversely 
affect the plant growth systems. Further, 
the surfactants have effect on the proteins 
and amino acids. They have powerful 
bactericidal properties and ai'e also Icnown 
to modify the physico-chemical properties 
of soils (Klingman, 1973). 
Trace metals have been found to play 
an important role in the life processes 
of plants, animals and micro-organisms. 
Among the trace metals, micronutrients 
are essential for proper growth of plants 
whereas certain heavy metals are 
hazardous for plants (Khan and Khan, 
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1983; Dijkshoom et ai, 1979), animals, 
microflora (Doelman, 1978) and soil 
micro-organisms (Brookes and Mc Grath., 
1984; Brookes et al, 1984), as well as 
for human beings (Schmitt et al, 1979). 
A number of workers have studied 
the interaction of trace metals (Khan et 
al, 1983; Khan et al. 1996) and organic 
chemicals (Khan ei al, 1985; Eigen, 
1994; Patzko and Dekany, 1996;) in 
relation to soil. However, there is meagre 
information available on the role of 
surfactants in the mobilization processes 
of trace metals through soil with regard 
to organic acids as mobile phase. The 
present study is an attempt to investigate 
the mobihty of trace metals through soils 
amended with surfactants, which may 
provide' a scientific base to tackle the 
pbllutiori. 
Materials and Methods 
The study was conducted on illitic 
fine sandy loam soil collected from 
Agricultural Farm of Aligarh Muslim 
University, situated in Aligarh District 
(India). The physical and chemical 
propeities of soil were: sand 63%; silt 
24% and clay 13% (using Piper's method, 
1950); pH 8.9 (1:2.5 soikwater ratio); 
CEC 16.3 meq lOOg' soil; organic 
matter 0.41% (Walkley and Black, 1947); 
exchangeable Na 1.0; K 0.5; Ca 3.5 and 
Mg 1.2 meq lOOg' soil (Jackson, 1958); 
available NH/-N 32.0; NO^-N 6.0; 
N03---N (Hesse, 1971) 40.0; P 25.0 and 
K 76.0 meq kg"' soil (Jackson, 1958). 
The soils were dried, ground and 
seived through a 100 mesh seive (150 
micron particle size) and amended with 
varying quantities of surfactants viz., 
cetyltrimethylammonium bromide 
(CTAB), t-octylphenoxypolyethoxy 
ethanol (Triton x-100) and sodiumdodecyl 
sulphate (SDS) containing 0, 25, 50, 75 
and 100 mg lOOg"' soil. A sluixy of these • 
amended soil was prepared in distilled 
water with a soikwater ratio of 1:2 in 
each case and was applied on glass 
plates (20 cm x 4 cm) with the help of 
an applicator in order to get an unifonn 
layer of 0.5 mm thickness. The plates 
were then air dried at room temperature 
30 + 3°C. Two lines were scribed at 4 
and 14 cm from the base at the soil 
surface of all plates. An aqueous solution 
of 0:1 M trace metal nitrates of Pb, Cu, 
Ag, Zn. and Co were spotted at the base 
line v/ith the help of micropipette on 
separate plates. These spotted plates 
were developed in closed chamber 
(Helling and Turner, 1968; Singhal and 
Bansal, 1978) using distilled water or 
0.25 M organic acid solutions viz., 
formic, acetic and oxalic acids as a 
mobile phase to the distance of 10 cm. 
Plates were then dried in an oven at 
60°C. Trace metals were detected by 
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spraying a solution of 0.1% haemotoxilin 
in ethane 1 (w/v) that gave dirty green for 
Ag, light blue for Co and dark blue 
colour for Zn, Cu and Pb, which were 
stable for several hours. 
The mobility in terms of R^ . values 
was measured by the formula, 
R = 1/10 [(R^ + R^)g 
where, 
R = ratio of the distance travelled by 
the substance to that of the 
solvent front. 
R = leading distance moved by metals 
R^ = trailing distance moved by metals 
(R + R )/, = is the average of leading 
and trailing distances from the 
base line. 
Results and Discussion 
The mobility of trace metals (Fig.l 
and Table 1) in natural soil follows the 
order: Co>Zn>Ag>Cu>Pb which is in 
the reverse order of their binding strength 
with soil organic matter (Stevenson and 
Ardakani 1972; Lund et al, 1976). The 
mobility of trace metals gradually tends 
to increase in case of CTAB and Triton 
x-100 whereas, it declines in SDS soil 
system with the mcreasing dosage of 
surfactant amendments (upto 100 mg 
lOOg"' soil) in soil. The greater mobility 
of trace metals in case of CTAB as 
compared to Triton x-100 may be 
discussed on the basis of their chemical 
structures. The highest mobility of trace 
metals in case of CTAB may be 
attributed to the cationic tendency of 
exchanging ions from the exchangeable 
sites (Motlant 1970; Schultz et al, 1998) 
and thus capable of blocking these sites 
resulting in trace metals mobility at the 
faster rate. However, Triton x-100 
molecule containing hydroxyl group, 
capable of being adsorbed thi"ough 
hydrogen bonding with the hydrated 
cations (Motlant 1970; Schulz et al, 
1998), already present in soil colloids. 
Thus, it may block the exchangeable 
sites and facilitate the trace metals to 
move at faster rate but, less than that of 
CTAB. The reduced mobility of trace 
metals in SDS amended soil may be due 
to the anionic nature of SDS. It induces 
negatively charged sites in soil and 
enhance the interaction of trace metal 
ions causing an increase in adsorption. 
This increase in adsorption of these ions 
results decreased in its mobility. 
As depicted in figure 2 and table 2, 
the organic acids (0.25 M) used as 
mobile phase affect the mobility of trace 
metals in surfactant amended soil in the 
following order: fonnic>acetic>oxalic 
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Table 1. Mobility of trace metals in surfactants amended soil 
Trace 
metals 
• • ' ! > ' -
Pb 
Cu' 
Ag 
Zn 
Co 
Pb 
Cu 
•Ag 
Zn 
Co -
Pb 
Cu 
: Ag 
Zn 
Co 
0 
0.07 
0.09 
0.12 
0.14 
0.44 
0.07 
0.09 
0.12 
0.14 
0.44 
0.07 
0.09 
0.12 
0.14 
0.44 
R. values 
Concentration of surfactants (in n-
25 
0.10 
0.12 
0.15 
0.19 
0.47 
CTAB 
Triton x-
0.10 
o.u 
0.14 
0.18 
0.46 
0.05 
0.07 
0.11 
0.12 
0.42 
SDS 
100 
50 
0.14 
0.16 
0.17 
0.22 
0.50 
0.14 
0.13 
0.17 
0.20 
0.51 
0.04 
0.05 
0.09 
0.09 
0.38 
Lg lOOg-' soil) 
75 
0.18 
0.20 
0.20 
0.25 
0.54 
0.18 
0.17 
0.20 
0.23 
0.51 
0.03 
0,02 
0.07 
0.07 
0.34 
100 
0.22 
0.24 
0.25 
0.28 
0.54 
0.22 
0.20 
0.24 
0.26 
0.54 
0.01 
0.01 
0.04 
0.05 
0.34 
> 
TRITON x-100 SOS 
Cone, of Surfactants (mg 100 g'^  soil) 
- • - P b . _«-Cu. _A_Aa. -yCrtn. -»-Co 
Fig. 1. Mobility of trace metals in surfactants amended soil 
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Table 2. Effect of organic acids on the mobility of trace metals in surfactants 
amended soil 
Trace R values 
metals Concentration of surfactants (in mg 100 g"' soil) 
CTAB Triton x-100 SDS 
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 
Formic acid 
Pb 0.15 0.18 0.18 0.24 0.31 0.15 0.18 0.22 0.26 0.31 0.15 0.14 0.11 0.10 0.09 
Cu 0.19 0.22 0.25 0.29 0.33 0.19 0.21 0.24 0.27 0.30 0.19 0.17 0.15 0.13 0.10 
Ag 0.24 0.28 0.29 0.34 0.41 0.24 0.26 0.28 0.31 0.34 0.24 0.23 0.21 0.1,7 0.14 
Zn 0.29 0.32 0.35 0.39 0.43 0.29 0.32 0.34 0.36 0.39 0.29 0.26 0.23 0.19 0.15 
Co 0.64 0.69 0.69 0.75 0.80 0.64 0.67 0.67 0.73 0.77 0.64 0.62 0.60 0.5S 0.55 
Acetic acid 
Pb 0.12 0,!5 0.18 0.21 0.25 0.12 O.IS 0.19 0.23 0.27 0.12 0.11 0.09 0.07 0.05 
Cu 0.15 0.18 0.22 0.26 0.30 0.15' 0.17 0.20 0.23 0.27 0.15 0.13 0.12 0.11 0.08 
Ag 0.20 0.23 0.27 0.31 0.35 0.20 0.23 0.26 0.29 0.32 0.20 0.19 0.16 0.13 0.1! 
Zn 0.23 0,26 0.29 0.31 0.35 0.23 0.25 0.27 0.30 0.34 0.23 0.21 0.19 0.16 0.13 
Co 0.59 0.63 0.67 0.71 0.71 0.59 0.62 0.(35 0.69 0.73 0.59 0.57 0.53 0.53 0.50 
Oxalic acid 
Pb 0.10 0.12 0.16 0.20 0.24 0.10 0.13 0.16 0.19 0.23 0.10 0.08 0.06 0.04 0.00 
Cu 0.11 0.15 0.18 0.21 0.25 O.Il 0.13 0.15 0.17 0.21 0.11 0.11 0.09 0.08 0.06 
Ag 0.14 0.r7 0.2! 0.25 0.30 0.14 0.16 0.19 0.23 0.26 0.14 0.13 0.11 0.10 0.09 
Zn 0.16 0.20 0.22 0.26 0.30 0.16 0.18 0.20 0.24 0.28 0.16 0.15 0.14 0.!2 0.09 
Co 0.48 0.53 0.56 0.60 0.65 0.4S 0.51 0.54 0.55 0.63 0.48 0.46 0.44 0.41 0.37 
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Cone, or Suilacunts (mg 100 g'^  toil) 
—•-I^ , _«—Cv, - 4 - A B , —X-2n,-<:-CO 
Fig. 2. Effect of organic acids on the. 
mobility of trace metals in soil as affected 
by some surfactants 
acids. This order of mobility is inversely 
related to pk^  values (except V pk value 
of oxalic acid) and molecular masses of 
carboxylates. Forniic acid having less 
pk value (Table 3) has greater ability 
to form more stable metal carboxylates. 
Hence, metal ions have the least chance 
to adsorb on soil colloids. Thus, greater 
mobility has been noted in this case. On 
the other hand, pka value (2"'^  pk^ value) 
of oxalic acid is higher (Table 3) which 
forms less stable metal carboxylates. 
Hence, trace metals have greater chance 
to adsorb on soil coilloids, resulting 
lowest in its mobility. Larger size of 
metal oxylates also decline the trace 
metals mobility. 
Table 3. pk values of organic acids" and solubility of trace metal carboxylates'' 
'arid hydroxides^ 
Organic 
acids 
Formic acid 
Acedic acid 
Oxalic acid 
pK 
values 
3.75 
4.05 
1.23 &. 
4.19 
Trace 
metals 
Pb 
Cu 
Ag 
Zn 
Co 
Solubility of metal Solubility 
carboxylates of metal 
(in g 100 g"' water) hydroxides 
(-;„ ,T i n n n' 
Metal 
formates 
1.6 
i2.5 
-
5.2 
5.03 
Metal 
acetates 
45.61 
7.2 
0.72 
30.00 
Very 
soluble 
Metal 
oxalates 
0.00016 
0.00253 
0.00339 
0.00079 
Insoluble 
" s ' " " to 
water) 
0.015 
Insoluble 
-
0.00000026 
0.00032 
Weast et al., 1986; Weast and Selby, 1966; ' Langer, 1947. 
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